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ABSTRACT
Development of Passenger Car Equivalents for Freeway Merging Sections
by
Amanpreet Singh Ahuja
Dr. Mohamed Kaseko, Examination Committee Chair 
Associate Professor of Civil and Environmental Engineering 
University of Nevada, Las Vegas
The Highway capacity manual (HCM, 2000) uses the Passenger Car Equivalents (PCE) 
to estimate the impact of trucks on freeways. PCE values for trucks recommended by 
HCM 2000 for level terrain are same under different truck percentages and different 
freeway conditions such as merging, diverging, weaving section etc. Several studies have 
shown that the PCE values vary for different traffic conditions such as for weaving, over­
saturated conditions etc. The objective of this thesis is to develop the PCE values for 
freeway merging sections using simulation software CORSIM. The equal density 
methodology is used to compute the PCE values. For this study PCE values are 
calculated for different traffic conditions including tmck percentage, volume ratios (VR), 
and LOS. Analysis is also done with trucks on freeway only and ramp only.
From the results of the study, estimated PCE values vary with level of service, tmck 
percentage and volume ratio for merging section, adjacent upstream and downstream 
section. The study also shows that HCM overestimates the capacity of the merging 
sections. Since the results of this study are based on only one case study location, the
111
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PCE values developed may not be transferable to other locations and/or for other traffic 
conditions. However, the general relationship between the PCE values and traffic 
conditions such as percentage of tmcks, VR, LOS are expected to be the similar. More 
extensive studies are recommended to validate the findings of this study.
IV
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CHAPTER 1 
INTRODUCTION
1.1 Background Information
Highway capacity is typically expressed in terms of passenger cars per hour per lane 
(pcphpl). Highway Capacity Manual (HCM, 2000) defines the capacity of a multilane 
highway as the maximum sustained hourly flow rate at which vehicles reasonably can be 
expected to traverse a uniform segment under prevailing roadway and traffic conditions. 
The presence of large and/or low performance vehicles in the traffic stream results in a 
reduction in the capacity. The HCM reasons that the reduction in throughput is due to the 
fact that heavy vehicles take up more space and have lower performance as compared to 
passenger cars, especially on grades. The HCM defines the passenger car equivalents 
(PCE) as the number of passenger cars displaced by a single heavy vehicle of a particular 
type under specified roadway, traffic, and control conditions. The traffic volumes 
containing a mix of vehicle types must be converted into an equivalent flow of passenger 
cars using PCE. The procedure in the HCM allows that freeway traffic volume 
(containing a mix of vehicle types) is adjusted by the use of a heavy vehicle f a c t o r , t o  
obtain an equivalent flow rate of passenger cars. The heavy vehicle adjustment factor is 
based on the PCE of trucks/buses, and recreation vehicles (RVs). According to the HCM 
2000 (1), the heavy vehicle adjustment factor is shown in Equation 1.
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where,
Pt = proportion of trucks/buses in traffic stream
P r = proportion of Recreational Vehicles (RVs) in the traffic stream
Et = PCE value for trucks/buses
Er = PCE value for RVs respectively.
The corresponding equivalent number of passenger cars for a given mix traffic volume 
(Vm) is shown in Equation 2.
V  (2)
J hv
The HCM (2000) is used for design and operational analysis of highways. The PCE 
values used in the HCM (2000) are developed based on the equivalent density approach 
(Tiwari, 2000). According to Van Aerde and Yagar (1984) “Passenger car equivalents 
have generally been assumed to be similar for capacity, speed, platooning, and other 
types of analysis. This notion appears to be incorrect and is perhaps one of the main 
sources of discrepancies among the various PCE studies” .
Moreover, the usage of PCE values developed for basic freeways segment may not be 
suitable for the on-ramps and merging section because the lane changing on the basic 
freeway segment is discretionary, but on the on-ramps (merging scenarios) lane change is 
mandatory to merge in the mainline. In merging scenarios, the gaps may however be 
sufficient to merge the passenger cars in the traffic but heavy vehicles requires more time 
headway and space headway in order to merge and they have to wait for more time to 
find a suitable gap under flow conditions. The length of acceleration lanes may impact
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the PCE values for trucks, because it allows trucks to search for appropriate headways 
and they can provide enough acceleration that can reduce the turbulence caused by the 
heavy vehicles. The PCE values may vary from free flow conditions to the congested 
conditions.
1.2 Problem Statement
The HCM (2000) assumes that PCE values for heavy vehicle traffic are the same for 
basic freeway sections, merging sections, diverging sections, on-ramps, off-ramps and 
weaving sections under given scenario of geometric conditions. Also the PCE values in 
HCM (2000) remain the same for different levels of congestion. During the low traffic 
flows (under-saturated conditions) passenger cars can easily maneuver even in the 
presence of heavy vehicles because of the sufficient availabihty of acceptable gaps, 
under heavy traffic flow (saturated conditions) maneuvering opportunity are reduced. 
Therefore, the PCE values may be different under the different levels of congestion (free 
flow conditions to forced flow conditions). The study conducted by Vermijis (1998) 
showed that PCE values are different for weaving sections as compared to the basic 
freeway segment. The study conducted by Webster and Elefteriadou (1999) showed that 
the PCE values are dependent upon the traffic flow; values of PCE are different for low 
flow condition and high flow conditions.
1.3 Research Objective
The objective of this study is to evaluate current HCM PCE values and to compute 
new PCE values for freeway on-ramp merging sections. Analysis is done for different
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flow rates and different truck percentages. For this study, development of PCE values for 
merging sections and basic freeway segments is done only for level terrain. This study 
will equip transportation officials with a better tool to design the merging section, by 
accurately taking into account effect of heavy vehicles based on the new developed PCE 
values. The study is conducted using computer simulation for a selected case study 
location.
1.4 Organization of Thesis
This thesis is organized in the seven chapters.
Chapter 2 presents the past research related to this subject. Literature related to PCE 
values for basic freeway segments, capacity analysis, and relevant hterature related to 
model cahbration of freeways is also reviewed.
Chapter 3 describes the methodology used for this research. This includes selection 
of case study location, data collection, simulation software CORSIM, and model 
calibration. It describes different approaches to calculate PCE values and the parameters 
collected from the field for the traffic simulation program.
Chapter 4 describes the model calibration procedure. The different types of 
simulation parameters that are studied in the research are heavy vehicle percentages, 
acceleration lane length, flow on on-ramps and freeway segment etc.
Chapter 5 presents and discusses the results and the limitations of the study.
Chapter 6 presents the conclusions and recommendations drawn from the results of 
this research.
Chapter 7 presents the limitations of the study and software.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm ission .
CHAPTER 2 
LITERATURE REVIEW
2.1 Introduction
In this chapter, methodologies to calculate PCE values and hterature related to 
analysis of PCE values for freeway section is discussed.
HCM recommends users to use the same PCE values for freeway, on-ramps and 
merging sections. The PCE values are developed based on an average weight-to-power 
ratio of 167 Ib/hp, which is typical of trucks on multilane highways in the United States. 
In basic freeway segments the lane change is discretionary, but in the case of merging 
sections, vehicles coming for on-ramp have to merge with in limited time and space. The 
heavy vehicles have difficulties in merging if the volume on freeway is high because of 
non-availabihty of acceptable gaps in terms of time and headway, which in turn can 
affect the PCE values for merging section. The value of PCE may be different for the 
different levels of congestion.
2.2 Methodologies to calculate PCE values
This section summarizes the various methods that have been used for calculating 
PCE values, categorizing them by performance measure on which PCE values are based.
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2.2.1 PCE values based on headways
Cunagin and Messer (1982) used the headways method used in which the relative 
amount of space consumed by a vehicle as the basis for calculating PCE values. Under 
the idea that the size of the headway depends on the following vehicle in a pair of 
vehicles, PCE values can be estimated as Equation 3.
^,7
P C E y = 7 7 ^  (3)
pcj
where
PCEij = PCE of vehicle type i under conditions j,
Hij, = average headway for vehicle type i for condition j, and 
Hpcj = average headway of passenger car for conditions j.
2.2.2 PCE values based on relative delays
Cunagin and Messer (1983) used an extension of the HCM method (1965) to
calculate PCE values for multilane highways based on relative delay. In their approach,
they used a combination of the Walker method (1975) of relative number of passings and
the relative delay method. They recognized that on multilane highways, passing or
overtaking vehicles are inhibited only by concurrent flow traffic. The results from the
study showed that the PCE for trucks is equal to 1.5 for LOS A, for LOS B to D, PCE is
1.6 and for LOS D and E, PCE is 1.7. The formula used to calculate the PCE values is
shown in Equation 4.
g  . (O T ,IVO L, l ( \ ISP^) - (ySP ,)]  
" ( O T ^  I VOL ^  X(11 S P ^ ) - ( 0  SP, )]
where,
OTi = the number of over takings of vehicle type i by passenger cars.
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VOL] = the volume of vehicle type i,
O T lpc = the number of over takings of lower performance passenger cars by 
passenger cars,
V O L lpc = the volume of lower performance passenger cars,
SpM = the mean speed of the mixed traffic stream,
SpB = mean speed of the base traffic stream with only high performance 
passenger cars, and
SPpc = the mean speed of the traffic stream with passenger cars only.
SPp^ = is the mean speed of the traffic stream with only passenger cars
Golias (2003) investigated the influence of taxis on urban traffic conditions and 
found out the taxi equivalent factors (TEF) are different from each other based on delays 
and capacities. Using computer simulation and the TEF, a concept similar to the 
passenger car equivalents for heavy vehicles, the impacts of taxi traffic on the capacity, 
and delays at urban road sections is quantified. The taxi equivalence factor is based either 
on capacity or on delay. The result suggested that the TEF is significantly higher for one- 
lane roads than it is for two-lane roads. The TEF were dependent on green time to cycle 
length (g/C) ratios, volume/capacity ratios and taxis percentage. From the study, at g/C = 
0.5, V/C = 1.0 and percentage of taxis = 8%, the TEF values based on the delays was 
2.217 but on the basis of the capacity it was 1.055. This indicated that the presence of 
taxis did not seem to affect road capacity, but it significantly affected traffic delay.
2.2.3 PCE values based on speed
Van Aerde and Yagar (1984) developed a methodology to calculate PCE based on 
relative rate of speed reduction. This PCE was intended for use in average speed analysis
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of capacity, which is unique to two lane highways. A multiple linear regression model 
was developed to estimate the free flow speed and coefficients of various percentile 
speeds for each vehicle type. The multiple linear regression models were given in 
Equation 5. The results for the study were reported for generalized conditions under 
different speed percentiles using the Equation 5, for 10* percentile speed PCE value was 
equal to 11.4, for 50* speed percentile PCE value was equal to 6.1 and for 90* speed 
percentile the PCE values was reduced to 3.8. The authors attributed the reduction in the 
PCE values based on the speed percentile to the relative effect of tmcks on lower 
percentile driver was more pronounced.
Percentile speed = v/ + (uj) + C^(n2 ) + C^(ns) + C^(u4) + (us) (5)
where,
Vf= free flow speed,
ni = number of passenger cars,
n% = number of tmcks,
U3 = number of RVs,
114 = number of other vehicles,
U5 = number of opposing vehicles, and
Coefficients to C are the relative sizes of speed reductions for each vehicle type.
Although this model was formulated for two lane highways with opposing traffic 
flow, it could be applied to multilane highways by setting the coefficient C^ to zero.
Using the speed reduction coefficients given in Equation 6 ,
The PCE for a vehicle type n = CJC\  (6)
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where,
C = the speed reduction coefficient for vehicle type n
C^ = the speed reduction coefficient for passenger cars.
2.2.4 PCE values based on platoon formation
Van Aerde and Yagar (1984) developed a methodology to calculate PCE values 
based on platoon formation. On two lane highways, platooning is caused when fast 
moving vehicles catches up with the slow moving vehicles and not being able to 
overtake. Heavy vehicles have the higher probability of leading the platoon as compared 
to the passenger cars. The PCE values are calculated by using the ratios of percentage 
leads, by vehicle types, to percentage of total freeway traffic count, by vehicle type. 
When these ratios were normalized with respect to the original ratio of passenger cars, 
PCE were determined in terms of platoon leadership. From the study, the results of PCE 
values based on the platooning formation of trucks under low volume (less than 650 vph) 
was 1.23 and under high volume the PCE value was equal to 1.20.
2.2.5 PCE values based on performance measure
Huber (1982) conducted a study on PCE values and developed in Equation 7, which 
relates PCE values to the flow of a passenger car only traffic stream and a mixed vehicle 
traffic stream. The effect of trucks was quantified by relating the traffic flows for an 
equal level of service (LOS). Any equivalent LOS or impedance could be chosen for the 
equality. If for example, density was used to define the equal LOS criteria, the flow- 
density relationship could be used to relate the traffic flows at an equal density value. 
Huber’s basic Equation is shown in Equation 7:
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«»__1 + 1 (7)
where.
E t = passenger car equivalent 
P t = percentage of trucks in the mixed flow 
qB = the base flow rate (passenger cars only), 
qM = the mixed flow rate,
Huber used the assumption of equal average travel time as the measure of LOS. 
Equal average travel time on a one-mile segment is equivalent to the inverse of the space 
mean speed. The consequence of his assumption of equal speed was that PCE values 
decreased as volumes increases. A slow moving truck will have a smaller impact on the 
average speed when the total volume is higher. Huber found this result objectionable and 
suggested that equal total travel time be used as a measure of LOS. Huber formulated 
equal total travel time as the volume in vehicles per hour multiplied by the average travel 
time in hours per mile. By this representation, equal total travel time was equivalent to 
equal density because it described equal vehicle occupancy on the roadway in vehicles 
per mile. The calculation of PCE by equal density is discussed later.
Sumner et al. (1984) expanded the relationship described by Huber to calculate the 
PCE of a single truck in a mixed traffie stream, which includes multiple truck types. This 
calculation requires an observed base flow, mixed flow, and flow with the subject 
vehicles. The equal LOS or impedance measure would cut across all three-flow curves. 
The relationship described by Sumner et al. is formulated as Equation 8 .
= —  
Ap + 1 (8)f is
10
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where Qb and q# are defined in Equation (7),
Ap = the proportion of subject vehicles that is added to the mixed flow and 
subtracted from the passenger car proportion, 
qs = the flow rate including the added subject vehicles.
Sumner et al. (1984) used total travel time in terms of vehicle hours as the equal measure 
of LOS.
Demarchi and Setti (2003) developed a method based on the estimation of an 
aggregate PCE and discussed the quantitative analysis of errors associated with each type 
of PCE. In an algebraic derivation, they proved that PCE values developed for a single 
truck type in a mixed traffic flow containing multiple truck types using Equation (8) did 
not fully account for the interaction between tmcks. Authors proposed a model in which 
aggregate equivalence factor is calculated for the mix flow was used. Authors modified 
the Equation proposed by Sumner (1984) and added a coefficient of ô which can take 
into account the interaction between different tmck types. The value of Ô = 0, if there is 
no interaction existed between the two tmck types, if 5 >  0 then Ei and E% are 
underestimated and Ô < 0  if the Ei and E2 are overestimated.
- ^  = 1 -  Pi -  P 2 + Pl^'l + P 2^2 (9)
where qn  is defined in Equation (7) and qs is defined in Equation (8) ,  
pi = proportion of the heavy vehicle type 1, 
p2 = proportion of the heavy vehicle type 2 ,
El = passenger car equivalent for heavy vehicle type 1,
E2 = passenger car equivalent for heavy vehicle type 2 , and
11
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ô = Truck interaction factor.
Mixed Flow
Same 
impedance
u
C
(0■DOJ
CL
£
(Cars + trucks)
Subject flow (subject 
vehicle + mixed flow)
Base Flow (Car 
only)
Flow
Figure 1 PCE derivation for more than one type of trucks
2.3 Preview of PCE research
The PCE values recommended by the HCM (1994) were developed based on the 
study conducted by Linzer et al. (1979). Authors only took into account the basic 
freeway segments and constant volume/capacity ratios constant for given LOS, whereby 
PCE values were calibrated such that the mixed traffic flow will produce the same v/c 
ratio as a passenger car only flow. The studies did not take into account the PCE values 
based on different levels of congestion. The research by Linzer et al. (1979) made use of 
design charts resulting from micro-simulation done by the Midwest Research Institute 
(MRI). The design chart related the percent grade, mixed vehicle flow, and percent 
reference trucks to percent capacity (equivalent to v/c ratio). The typical truck used in 
calculation of PCE values for the Linzer et al. was of 182.7 kg/kW (300 Ib/hp), slightly 
less than the 197.9 kg/kW (325 Ib/hp) truck used in the HCM (1965), and reflected the
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increased performance of trucks since the I960’s. In addition, a light truck of 91.4 kg/kW 
(150 Ib/hp) and a heavy truck of 213.2 kg/kW (350 Ib/hp) were used to calculate PCE 
values. Truck performance curves were used from research conducted by Pennsylvania 
State University, with initial truck speed of 88.5 km/h (55 mi/h). Since the research by 
Linzer et al. (1979) calculated PCE values for truck populations with a single weight to 
power ratio, the percent reference trucks method proposed by the MRI was used by 
assuming that only trucks of the given weight to power ratio existed. The PCE was 
formulated as Equation 10.
( 10)
where E% and Pt are defined in Equation (7),
q^ = the equivalent passenger car only flow rate for a given v/c ratio, and
q = the mixed flow rate for a given v/c ratio.
M
Webster and Elefteriadou (1999) conducted simulation study for PCE values for 
basic freeway segments and showed that PCE are dependant on traffic volume, 
grade/grade length and percentage of trucks. They used the equivalent traffic density as 
main parameter on which PCE values were developed. The authors developed their 
model in FRESIM, to estimate the values of PCE for basic freeway segment. The authors 
investigated the influence of different trucks types based on their weight/power (wt/hp) 
ratio and length of the trucks on the PCE values. Authors also looked at several other 
parameters like number of lanes, free flow speed, percentage of trucks, grades and length 
of grade. From the study, PCE values for basic freeway segment for level segments were 
equal to 1.0 for flow up to 1500 vphpl for truck percentages up to 15%. When the flow
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was increased to the 2000 vphpl, the PCE value increased to 1.5 for 5% trucks and for 15 
to 25% trucks the PCE value was 2.0. They summarized that PCE value tends to increase 
with traffic flow, free flow speed, and grade, and decreases with an increase in the truck 
percentage and number of lanes. Authors reported decrease in PCE values with increase 
in percentage of trucks under low flow rate conditions and opposite under high flow rate 
conditions. The authors recommended that for the future study, the effect on PCE values 
for ramps and weaving section should be analyzed.
Elefteriadou et al. (1997) developed the passenger car equivalents for freeways, two 
lane highways and arterials. The study investigated the impact of different variables such 
as levels of traffic flows, truck percentage, grade and length of grade. The study used 
speed as a performance measure to develop the PCE values. The results showed that the 
PCE were a function of truck percentage and weight to horse power ratio. PCE for two 
lane freeways with 0% grade, length of grade equal to 0.805 km, truck percentage =15% 
and low traffic flow, for single unit truck (length = 12.2 m and wt/hp = 300) PCE was 
equal to 1, and under same scenario, double trailer (length = 12.2 m and wt/hp = 300) 
PCE was equal to 2. The study also showed that the PCE values for arterials under low 
traffic volumes, level terrain and with 12% trucks, can be as high as 4-5 for two lanes 
based on weight/horse power ratio and in case of four lanes, for similar traffic volumes 
and same truck percentage the PCE values were as low as 1-2 based on weight/horse 
power ratio.
Al-Kaisy et al. (2002) investigated the effect of heavy vehicles on traffic is greater 
during congestion as compared to the under-saturated conditions using the field 
observation. Authors computed the PCE using the queue discharge flow (QDF) capacity
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and they assumed that the flow form queue discharge flow shows minimal variation if 
traffic stream was uniform and composed of only passenger cars. Non linear 
programming was performed optimizations on a number of data sets required for the two 
test sites. The case studies sites were located in Ontario Canada for this study and one 
site was entrance ramp merge area. The authors developed the PCE values for over­
saturated conditions (LOS F); authors used the queue discharge flow of a bottleneck 
situation. They selected the two sites and emphasized that HCM (2000) underestimated 
the impact of heavy vehicle on freeways after the onset of congestion. Authors suggested 
that ratio of average headways between heavy vehicles and passenger cars increases upon 
the formation of congestion and acceleration/deceleration cycles experienced during 
congestion imposes an extra limitation on the performance of heavy vehicles thus 
increases the effect on traffic flow. The PCE value for level terrain from the site study, 
from the site was 2.36 as compared to HCM (2000) recommended 1.5 and for second site 
(1-km long, 3% upgrade is 2.0) the PCE values for one direction of travel was 3.21 and 
for other was 2.7 as compared to the HCM recommended value of 2.0. Furthermore, the 
authors suggested that the PCE values are not a function of weather conditions and 
roadside maintenance works.
Al-Kaisy et al. (2005) conducted the study to develop PCE factors for heavy vehicles 
on freeways and multilane highways during congestion. The study was in continuation of 
the study conducted in 2002 and for this study, INTEGRATION software was used to 
simulate the field conditions of the sites reported in Al-Kaisy (2002). The PCE values 
ranges from 2.4 (for 2% heavy vehicles) to 2.7 (for 25% heavy vehicles) as compared to 
HCM results which is 1.5 for (2-25% of heavy vehicles). Results from the study showed
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effect of grades, grade length and percentage of trucks on the PCE values. From there 
observations from two sites reported that PCE is underestimated from 35-75% depending 
upon the traffic conditions and percentage of heavy traffic. The PCE values obtained 
from the simulation study in 2005 are with in the confidence interval limit of the results 
obtained from the field results obtained from 2002  study.
Vermijs (1998) studied the weaving section type A using micro-simulation mode 
FOSIM and showed that PCE values were not the same for the basic freeway segments 
and weaving sections type A. In the simulations weaving section length, weaving flow 
rate and truck percentage were varied to study the effects of these variables on PCE 
values. The study showed that the PCE values changed with the different lane 
configurations for weaving section type A from as low as 2.5 to as high as 3.6 for level 
grades which were much higher than the recommended values by HCM (2000). Authors 
concluded that weaving capacity declines with increasing truck percentage and 
increasing weaving flow rate and weaving section length had little influence on capacity. 
In addition to that authors reported that PCE values were not same for all the weaving 
configurations. The current PCE value overestimates the capacity of the weaving section 
by using the same values of basic freeway segment.
Rakha and Zhang (2006) used the simulation software INTEGRATION to estimate 
the capacity of 34 freeway-weaving sections. They studied the impact of the weaving 
length, weaving type, volume ratio and weaving ratio (type A, type B and type C) on the 
capacity of the freeway section. For illustration purposes, authors used the weaving 
configuration BX4 means weaving configuration type B and number of three freeway 
lanes and one auxiliary lane that connects the on-ramp and off-ramp. From the Equation
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derived from the study conducted by Rakha (2006) estimated the capacity of the weaving 
section was 5734 pcph and HCM (2000) estimated the weaving section capacity equals 
to 7258 pcph. Authors concluded, “Furthermore, the study demonstrates that the HCM 
(2000) procedures tend to overestimate weaving section capacities significantly (errors in 
excess of 100% in some instances)”. Authors estimated the capacity for different 
weaving section types based on the assumption that the heavy vehicle factor was 
properly addressed in the HCM (2000). However, Vermijs (1998) study showed the 
potential impact of PCE on the capacity and stressed on the underestimation of PCE 
values reported by HCM (2000).
2.4 Summary of the literature review
A survey of the literature also reveals a need for an improved understanding of the 
usage of PCE values under the different scenarios like congested conditions, free flow 
conditions, weaving etc. The different methodologies can be utilized to calculate the PCE 
values. For this study, the equivalent density approach will be adopted as the current PCE 
values are based on equivalent density.
2.5 Description of the different calibration approaches
This section summarizes the different calibration approaches to calibrate the models 
and lane-changing model. The calibration is necessary for any microscopic simulation 
models, so that the model can reproduce the field conditions in the model.
Hourdakis et al. (2003) proposed an easy to follow procedure for calibration of 
microscopic traffic simulation models. Authors categorized the simulation parameters in
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two major categories: global (those parameters that affect the performance of the entire 
model) and the local parameters (parameters that affect that local section of simulation 
model). Examples of the global parameters are the length, width of lanes, desired speed, 
max acceleration, max deceleration and local parameters like number of lanes, speed 
limits etc. Authors suggested that during the calibration process the global parameters are 
calibrated first and then followed by the local parameters. The calibration process is 
performed in two main stages, first volume based calibration, and then speed based 
calibration (speed calibration procedure is more sensitive to measure to the fluctuations 
of flows) and at the end, the objective based calibration (ramp queues) should be fine- 
tuned.
Yang and Koutsopoulos (1996) developed a rule-based lane-changing model that is 
applicable only for freeways. Their model was implemented in MITSIM. In the model, 
lane change was classified as either mandatory lane change (MLC) or discretionary lane 
change (DEC). Authors used a probabilistic method to model drivers' lane change 
behavior when they face conflicting goals. A driver considers a DEC only when the 
speed of the leader is below a desired speed, and checks neighboring lanes for 
opportunities to increase speed. Two parameters, impatience factor and speed 
indifference factor, were used to determine whether the current speed is low enough and 
the speeds of the other lanes are high enough to consider a DEC. They also developed a 
gap acceptance model that captures the fact that the critical gap length (defined as the 
minimum acceptable gap length) under an MEC situation is lower than that under a DEC 
situation. Authors also pointed out that in case of merging into a traffic parallel to the 
current lane, a gap is acceptable only when both the lead and lag gaps are acceptable.
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Skabardonis (2002) studied the eight freeway weaving section areas (1-Type A, 3- 
Type B and 4-Type C) using the simulation software CORSIM in California. The results 
from the study indicate that CORSIM default model parameter generally under-predicts 
the traffic performance for freeway lane drops and weaving sections. The study reported 
that the car-following sensitivity factors, lane change aggressiveness factor, and 
percentage of freeway through vehicles that yield to merging traffic factors can 
significantly affect the calibration results. The author recommended that the position of 
warning sign for vehicles exiting through the off-ramp should be placed as far upstream 
as possible at least 3500 ft from the node designating off-ramp location. Study also 
recommended that the lane changing aggressiveness set to 1, percent yield equal to 40, 
and for the car following sensitivity factors (120, 112, 104, 96, 88 , 72, 64, 56 and 48). 
The calibrated model form the study resulted in the average speeds with ± 5 mph of 
accuracy of the speeds observed at the weaving locations.
Chien et al. (2001) discussed about the effect of the free flow speed distribution on 
the capacity of basic freeway segment. Authors investigated how the vehicle speed 
distribution speed and average speed can affect the capacity of the freeway segment. The 
results concluded that maximum flow rates decreases with the increasing speed variances 
for all one lane, two-lane and three-lane freeways. The vehicle speed standard deviation 
under non-congested conditions decreases when the difference between the link free flow 
speed and the desired speed of cautious driver decreases.
Rakha and Crowther (2003) conducted a study on the comparison and calibration of 
FRESIM and INTEGRATION steady-state car-following behavior. The paper developed 
a procedure for calibrating the FRESIM Driver Sensitivity Factor using macroscopic
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loop detector data. The basic model in the FRESIM incorporates the distance headway 
and speed differential between the lead and follower vehicle as two independent 
variables. The FRESIM steady-state car-following behavior is characterized by the Pipes 
model, which requires the calibration of three parameters: the jam density headway, the 
free-speed, and a Driver Sensitivity Factor (cg). May (1990) suggests typical values of 
jam densities to range between 110 and 150 vehicles/km. The Pipes model represents a 
linear increase in the travel speed as the distance headway increases. The Driver 
Sensitivity Factor (cg) defines the slope of the speed-headway relationship, while the 
intercept with the x-axis is defined by the jam density headway (hj) of traffic. A third 
parameter required in characterizing the speed-headway relationship is the free-speed, or 
the maximum speed of travel when a vehicle is not constrained by the surrounding 
traffic. Consequently, the Pipes car-following model requires the calibration of three 
parameters: the free speed, the jam density headway, and a driver sensitivity factor.
The Pipes car-following relationship in the congested regime is characterized by 
Equation 11. Since traffic stream density is the inverse of the space headway. Equation 
12 describes the basic speed-density relationship that evolves from the Pipes car- 
following model.
h = hj+c^u (11)
=   (12)hj  +  C3M
where,
h = distance headway between the front bumper of lead vehicle and front bumper of 
the following vehicle;
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hj = space headway between the vehicles when they are completely stopped;
C3 = driver sensitivity factor; 
k= density (vpmpl), 
u = the speed of the vehicle,
Using the basic traffic stream relationship, flow is equal to density multiplied by 
speed, in combination with Equation 12; the speed-flow relationship can be derived, as 
shown in Equation 13.
U3)hj +C3M
where hj, Cg, and u are defined in Equation (11) and (12), 
q = flow (vphpl).
Equation 14 shows that the slope of the speed-flow relationship is computed as the 
derivative of flow with respect to speed. Given that the jam density headway of vehicles 
is non-negative and non-zero, the final form of the slope computed by Equation 15 is a 
strict monotonie function. Consequently, the maximum flow will occur at the extreme 
point (i.e. at the maximum speed which is the free-speed).
1 C3Mdq _  d 
du du hj +C3W {h +c.^uf
(14)
do h:
—  = 7-------------------- where .hj >0  (15)
du [hj+c^u)
where hj, cg, and u are defined in Equation (11) and (12),
—  = change of flow with change of speed. 
du
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The maximum flow can be derived from Equation 13 by substituting the flow for the 
roadway capacity (qc) and the speed for the free-flow-speed (uf). By rearranging the 
terms in Equation 16, the Driver Sensitivity Factor can be computed, as defined in 
Equation 17. Equation 17 requires three parameters that can be obtained from standard 
loop detector data. These parameters include the roadway capacity (maximum flow rate), 
the spacing of vehicles at jam  density, and the roadway free-speed.
u f
^ c = - r — -------  (16)hj +
1 h,
Cj = ------------------ where :hj >0  (17)
qc Uj
where hj, and cg are defined in Equation (11) and (12), 
qc = roadway capacity, and 
Uf = free flow speed in mph.
2.6 Summary of the model calibration
The different model calibration procedure highlighted the need of the calibration in 
the traffic simulation software’s to obtain more accurate and reliable results. For this 
study, the model calibration will be done based on the measure of effectiveness, speed 
(on-ramps, merging, upstream and downstream section) and traffic flows (upstream and 
on-ramp) from the simulation model.
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CHAPTER 3 
DATA COLLECTION AND METHODOLOGY
3.1 Introduction
In this chapter, data collection and methodology is discussed. This chapter is divided 
into following section. The following sections are presented which will discuss the steps 
used for data collection and methodology used.
•  Selection criteria for the case study location,
• Data collection methodology,
• Computer Simulation model,
• Model calibration, and
• Methodology behind the development of PCE values.
3.2 Case study location criteria
The section to be studied for this case study was freeway on-ramp section, which 
includes the merging section, upstream and downstream section on the freeway merging 
section. The selection of the freeway and on-ramps junction was based on the following 
criteria:
•  No adjacent on-ramps or off-ramps within 2500 ft of the selected on- 
ramp,
•  The gradient of the freeway will be close to 0% (less than 2%),
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•  The on-ramp will either be level or downgraded,
• No horizontal curves within the vicinity of on-ramp, and
• Truck percentage will be high (greater than 10%)
Comnuter simulation model
Calibration of the model
Different study simulation 
scenario
Data requirement and data 
collection
Summarize results and 
compute PCE values
Case study location
Figure 2 Flow chart for the study of methodology
3.3 Data requirements
For this study the following input parameters were required for the model 
development, model calibration and simulation:
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•  Traffic flow for on-ramps and freeways (for each lanes),
• Average speed on on-ramps and freeways (Mean and standard deviation), 
(at upstream, downstream and merging section),
• Percentage of heavy vehicles on freeway and on-ramps, and
• Geometric characteristics of the selected section (grade, lane width, 
shoulder width etc.).
The parameters mentioned above will ensure that the model can represent the actual 
field conditions, fully calibrated and validated. For calibration and validation purposes, 
the parameters mentioned above were collected from the field.
3.4 Data collection methodology
From the criteria’s mentioned above, Cheyenne on-ramp on southbound 1-15 is 
suitable for case study. The data was collected for the morning peak when the ramp 
volume was maximizing, so that merging volumes will be high. Based on the historical 
trends obtained from Nevada Department of Transportation (NDOT) ftp site 
(ftp://ftp.nevadadot.com), the time period between 10:00 a.m. to 11:15 a.m. was selected. 
The weekly count conducted by NDOT in 2006 is attached in Appendix 1.
3.4.1 Traffic counts
The traffic counts were collected for 1 hr 15 minutes during the peak period in 5- 
minute intervals for freeway and on-ramp. The traffic was categorized in the trucks, 
buses, passenger cars and motorcycles. The traffic count was measured for each lane on 
the freeway in southbound direction. For ramps, the traffic was not measured by the 
individual lanes. In order to determine the operating speeds of the freeways (upstream.
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merging, downstream) and ramps (ramp speed, merging speed and downstream speed) 
floating car method is used.
3.4.2 Speed measurement
For the measurement of speeds in the upstream, downstream, on-ramp and merging 
section floating car method using GPS equipment was used. The GPS unit was set up to 
capture distance traveled, speed, longitude, latitude, and travel time after every 2 
seconds. For the study, four cars were used to determine speed and travel time during the 
survey, the two cars made several runs from the on-ramp from Cheyenne S/B on-ramp to 
Lake Mead off ramp for ramp speeds and the other two cars used for freeway made 
several runs from Craig on-ramp to East Lake Mead on-ramp so that speed for upstream, 
merging and downstream speed of target ramp (Cheyenne on-ramp) can be measured. In 
this method, two vehicles collected the speed from on-ramps southbound to the adjacent 
off-ramp. The time headway between the cars on the ramps was based on the travel time 
so that the cars can capture the more accurate travel time for this study. For freeway 
speed distribution the two cars made several runs and each car was assigned each lane so 
that travel time and lane individual speeds can be estimated. The snapshot of the section 
of interest for this study is shown in Figure 3.
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Truck station in 
East Cheyenne
; On-ramp East 
Cheyenne avenue
1-15
Southbound
I»' I a
Figure 3 Case study location 
(http://maps.live.com)
3.5 Guidelines in selecting the proper simulation model
Elefteriadou et al. (1999) presented a framework for selecting simulation models that 
are applicable to the problem at hand. In the 8-step guidelines, two important and crucial 
steps in the selection of a simulation model are:
1. First, the user becomes familiar with the strengths, weaknesses, and limitations of 
each simulation model, and
2. Second, the user knows how to properly interpret the output statistics.
27
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm ission .
The study team stated that an understanding of the models capabilities is “probably 
the most important aspect of selecting a simulation model.” The authors identified some 
of the key model features that can be used to evaluate a model. These include the size of 
network, network representation (urban streets, freeways etc.), traffic representation 
(microscopic or macroscopic), traffic composition, traffic operations, traffic control, and 
model output.
The authors additionally stated that the user should “know how to interpret the 
simulation results, draw any inferences from them, and determine whether they constitute 
a reasonable and valid representation of the traffic environment. For example, in some 
simulation models, stop time delay may be defined as the time during which a vehicle 
has a speed less than 5 ft/s, while in others, it may be defined as the time during which 
the vehicle is completely stopped. An understanding of how each output statistic is 
defined is important in the interpretation of the simulation results. The authors presented 
a series of steps to follow when selecting and applying a simulation model. The steps are:
1. Project Scoping: The first step is to identify the problem and the purpose of the 
study.
2. HCM Assessment: The next step is to consider the available Highway Capacity 
Manual procedures, and determine if any of them can be applied to the issues 
identified in project scoping. Limitations of the HCM procedures, with respect to 
the problem statement and issues from step 1 should be identified. If the 
limitations cannot be overcome with HCM procedures, simulation may be a 
viable alternative.
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3. As the authors note, every simulation model has its strengths and weaknesses. It
is important for the analyst to understand model limitations and deficiencies,
relate the limitations to the needs of the project, and select the model that best 
satisfies the specified needs. Model capabilities, data requirements and 
availability, ease of use, staff expertise, technical support, and past model 
application and experience should all be taken into consideration.
4. Data Assembly.
5. Data Input.
6 . Model Calibration and Validation.
7. Output Analysis.
8 . Alternatives Analysis.
3.6 Model comparison studies
Skabardonis (1999) performed an evaluation and comparison of five simulation 
models. The evaluation was based on model capabilities and features, input requirements, 
output options, relationship with traditional planning and operational analysis tools, and 
modeling costs. The evaluated models were CORSIM, INTEGRATION, MITSIM, 
PARAMICS, and VISSIM. Based on the study's findings, the following 
recommendations were made regarding model selection, application, and technical 
support.
1. Corridor Improvement Strategies: INTEGRATION appears to be the best model 
for explicitly handling capacity improvements and HOV treatments.
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2. Freeway Operations: CORSIM appears to be the leading model for the testing and 
evaluation of alternative geometric scenarios (weaving, merging, diverging), 
incidents and work-zone impacts, and ramp metering schemes. INTEGRATION 
can be used for network-wide ramp metering impacts, particularly for traffic 
diversions.
3. Arterial Operations: CORSIM appears to be the leading model for the evaluation 
of various intersection design alternatives, signal coordination schemes, and 
transit modeling along exclusive lanes or in mixed traffic.
4. INTEGRATION appears to be the leading model for the evaluation of ITS 
scenarios along corridors that involve real-time route guidance systems, or 
changes in traffic patterns due to ramp-metering strategies. CORISM can be used 
in the assessment of traffic control strategies in which route-selection is fixed.
3.7 CORSIM Simulation Tool
From the previous research (Skabardonis, 1999), it was shown that CORSIM can 
handle the merging section scenarios effectively. Due to non availability of 
INTEGRATION software, for this study the simulation software CORSIM is used.
CORSIM (corridor simulation) is a microscopic simulation process that integrates 
both NETSIM (Network Simulation) and FRESIM (Freeway Simulation). CORSIM 
model can be used for a wide range of applications including modeling of weaving areas, 
merging areas, diverging, HOV lanes and capacity reducing effects such as lane changing 
and freeway merging. Because CORSIM simulates the traffic and traffic control 
conditions of a network over a period of time, the input must accommodate specifications
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that not only differ from one point on the network to another, but that might also change 
with time. The network is modeled in such a way that each vehicle is considered as a 
separate entity. The behavior of each vehicle is represented in the model through 
interaction with its surrounding environment, which includes the freeway geometry and 
other vehicles. TSIS, which is the windows version of the integrated traffic software 
system, supports the execution of CORSIM and supports programs.
CORSIM contains a set of diagnostic tests for input, which are executed in the 
following sequence:
1. Test the structure of the input stream, and that all records are in proper 
sequence.
2. Test that each data item is valid and that its values lie within a range.
3. Test that all the data items on the set of records belonging to one record type 
are consistent and that the set is complete.
4. Test that the data items of all classifications are compatible and completely 
define the network.
TRAFVU is an interactive graphics processor designed to display and animates the 
results of CORSIM simulations. TRAFVU provides a window environment to view the 
input network and all the output generated by CORSIM. It enables us to animate traffic 
simultaneously in multiple views of the same or different traffic networks under the same 
or differing traffic conditions. TRAFVU is suitable for traffic operations analysis as well 
as the presentations of before and after studies to convince the audience of the utility of 
simulation results.
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The various parameters that can potentially impact the results of the CORSIM are 
discussed below:
•  Car following sensitivity: This value specifies the minimum headway 
between vehicles for different driver types. The lower the value of the 
sensitivity factor, shorter the spacing between the vehicles. The default 
values used in the FRESIM for car following sensitivity factors are 
mentioned in Table 1.
Table 1 Default values of car following sensitivity factor used in CORSIM
Driver Type 1 2 3 4 5 6 7 8 9 10
Sensitivity Factor 1.25 1.15 1.05 .95 .85 .75 .65 .55 .45 .35
• Lane-Change Maneuvering Time: The default value in the CORSIM is 2 
seconds (20 tenths of a second). The model assumes that during this time 
interval, a vehicle occupies both lanes (original and target lane). Lower the 
values of this parameters result in quick lane changing.
• Lag acceleration time: When the leading vehicle accelerates and the space 
headway between the leading and lagging vehicles increases. The time 
delays that lagging vehicle experiences when starting to accelerate is the lag 
acceleration time. This is the time elapsed between the when the leading 
vehicle accelerates and when lagging vehicle accelerates. It can influence 
the merging speeds on the freeway and capacity of the merging section.
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• Gap acceptance parameter: This entry specifies the parameter for 
determining the acceptable gap for mandatory lane changes. The lowest 
number represents the most aggressive lane-changing behavior (small 
headway) and the highest represents the least aggressive lane-changing 
behavior (large headway) for all drivers.
• Percent yield values: The percentage of drivers desiring to yield the right- 
of-way to lane-changing vehicles attempting to merge ahead of them. The 
FRESIM model assumes that a certain fraction of putative followers in the 
target lane of a vehicle desiring to make a lane change will cooperate with 
the lane-changer to increase the probability of the lane change being 
successful.
•  Desired Speed Distribution: The speed distribution of the vehicles on the 
freeway is known from the data collected. In order to reproduce the same 
field conditions in terms of distribution of speed (mean and standard 
deviation). It can be done by changing the speed distribution percentages in 
the CORSIM. The sum of percentage multipliers for all the 10 driver types 
must be equal to 1000. The default values used in the CORSIM model are 
mentioned in Table 2.
For example, when a link on CORSIM is assigned a free flow speed of 65 mph.
Then it means 10% of the drivers (driver type 1) will be having a free flow
speed = 0.88 *65 = 57.2 mph
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Table 2 Default values of free flow speed percentages
Driver Type 1 2 3 4 5 6 7 8 9 10
Percentage multiplier of 
Free-flow speed
88 91 94 97 99 101 103 106 109 112
3.8 Car following model used in CORSIM
The FRESIM model utilizes the Pitt car-following behavior that was developed by 
the University of Pittsburgh (Halati et al., 1996). Car-following model consists of a car- 
following Equation together with a set of constraints which is appropriate for micro­
simulation models. The Equations are established for the leader-follower relationship as 
it relates to the internal dynamics in simulation models. The CORSIM uses the Pitt car- 
following Equation. The basic car following model incorporates the distance headway 
and speed differential between the lead and the following model are two independent 
variables as shown in the Equation 18 below. Given the steady-state conditions are 
characterized by both lead and following vehicle, the third term of the car-following 
model tends to zero under steady-state driving (Au =0). The steady state model 
incorporated by the FRESIM can be described by Equation 19 in the congested 
conditions and a constraint of maximum speed on the roadway as described in the 
Equation 20 (uncongested conditions).
General Equation h — h ^ +  CjU + bc^Au '
Steady state conditions h = hj> + c^u
^ h - h
u -  nun /
(18)
(19)
(20)
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where,
h = distance headway between the front bumper of lead vehicle and front bumper of 
the following vehicle;
hf= space headway between the vehicles when completely stopped;
C3  = driver sensitivity factor;
b = calibration constant, which is equal to 0 .1, if  the speed of the following vehicle 
exceeds the speed of the lead vehicles other wise it is set to zero;
A u  = speed differential between the lead and following vehicle; and
Uf= roadway free speed.
The Pitt car-following model is a separation constant (cj). The smaller the constant 
the closer together two vehicles are allowed. The FRESIM model utilizes 10 driver types, 
which are characterized by driver sensitivity factors and default values of CORSIM for 
each driver type which is mentioned in 3.7, to define the space headway in feet based on 
speed measurements in ft/s.
3.9 Evaluation of existing PCE values and development of new PCE values
The PCE values will be calculated for the capacity of merging section. In order to 
determine the capacity of the merging sections, flow will be increased on both freeway 
and ramps in a stepwise manner. The capacity can be determined by plotting the results 
of either speed vs. flow or flow vs. density. The diagram shown in Figure 4 is 
representing flow vs. density curves from which the capacity can be determined. Figure 4 
is based on the incremental flow for the merging section based on which the capacity of 
the merging section will be determined.
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PCE values will be determined at the capacity as mentioned above and then the 
results will be compared with the PCE vales recommended by HCM (2000). The PCE 
values will be calculated based on the equivalent density concept approach.
CapacityFlow
Figure 4 Flow vs. density curve
Huber (1982) proposed the methodology of equivalent density, and it is used in this 
study to estimate PCE values. Huber assumed that a flow rate qg of a base stream 
(containing only cars) and a flow rate qn of a mixed stream, containing a proportion p of 
trucks and a proportion ( 1-p) of cars that shows the same density, can be equated as in 
Equation 21.
= ( l - p ) x ^ M (21)
where qM, qs and p are defined in Equation (7), 
e = PCE of trucks.
36
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm ission .
The procedure for the determination of qm, Qb and e is described in the following four 
steps:
1. Establish the relationship between the (density) and flow rate for the base stream, 
containing passenger cars only,
2. Establish the relationship between the density and flow rate for the mixed, stream, 
containing (1-p) fraction of passenger cars and p fraction of trucks
3. Find equivalent flow rates Qm and Qb for the same density value as shown in 
Figure 5 and,
4. Calculate the passenger car equivalence factor e.
Base flow
(passenger cars only)Mixed flow
Equivalent density
(/)
I
qM qBFlow
Figure 5 Equivalent density concept
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3.10 Factors potentially affecting the PCE values
In this study, different scenarios will be tested to evaluate their potential impact on 
the PCE values. Since the study is conducted only for level terrain, the following factors 
are considered to evaluate the impact on PCE values (under normal operating conditions 
of freeway):
• Traffic Flow on freeway and on-ramps;
• Percentage of trucks on freeway and on-ramps.
3.11 HCM methodology for freeway merging sections
The input data requirements for computation of LOS for on-ramp and mainlines 
junctions are geometric conditions, free flow speed at on-ramps and mainline, and 
demand. Then the flow is adjusted for peak hour factor, and driver population factor.
After that the total flow on the freeway and ramps are converted into the passenger cars
using heavy vehicle adjustment factors using the PCE factors developed for basic 
freeway segment. Determination of demand flow rate (in terms of pcphpl only) in the 
two lanes adjacent to on-ramps are used in the model are discussed to calculate the 
capacity of the freeway and on-ramp junction. The determination of the flow in the lane 1 
and 2 adjacent to the junctions is calculated using Equation 22. The capacities are 
computed for the total flow leaving merging area and maximum flow entering merging 
area. If the adjusted demand flow is less than the capacity, densities, LOS and speeds are 
computed.
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The merge influence area is 1500 ft from the point of intersection of on-ramp and 
mainline to the downstream of mainline. If the there is a on-ramp or off-ramp exists with 
in 2500 ft, then that section is designed as weaving section.
V i2 = P f m ^ f  (22)
where,
v/2 = flow rate in Lanes 1 and 2 of freeway immediately upstream of merge (pc/h), 
P f m  = proportion of approaching vehicles in lanes 1 and 2 immediately upstream of 
the merge junction, in decimal form, 
vp = freeway demand flow rate immediately upstream of merge (pc/h).
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Yes No
LOS FCompute density, 
LOS and speed
Compute flow rate in pcphpl
Adjust demand < capacity
Demand flow rate adjustment: peak hour 
factor, driver population factor, heavy 
vehicle factor
Compute demand flow rate upstream and 
downstream of merge influence area 
Lane 1 and 2 of the mainline
Compute capacity 
-Total flow leaving area 
-Maximum flow merging area
Input data: geometric data, ramp free 
flow speed, freeway free flow speed, 
demand
Figure 6 HCM Methodology for merging section 
(HCM, 2000)
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CHAPTER 4 
DESCRIPTION OF THE SIMULATION MODEL
4.1 Introduction
In this chapter, the description of the simulation model is discussed. The following 
sections are presented which will discuss the steps used to develop freeway merging 
section model.
• Description of the model,
• Field data,
•  Model calibration procedure,
•  Determination of sample size,
•  Simulation output MOE’s,
•  Different simulation scenarios, and
• Statistical analysis.
4.2 Description of the Model
1-15 freeway Southbound at Cheyenne on-ramp is the selected case study location. 
The site has two lanes on-ramp that merge in to one just before the joining with mainline 
freeway merging area. The mainline freeway has two through lanes upstream and 
downstream of the merging section. Cheyenne on-ramp has a gradient of -2% and the 
gradient of the freeway are equal to zero. The parallel acceleration lane is about 2500 ft
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from the junction of the merging section. The flow is divided in the ratios of 65:35 
(shoulder lane to median lane) based on the field data collection results. The trucks are 
biased to the rightmost lane (shoulder lanes) which means high proportion of the trucks is 
traveling on shoulder lane based on the field observations. The default values of the 
passenger cars on CO RSM  is equal to 16 ft, for single unit truck 35 ft, semi trailer with 
full load or with medium load is 53 ft, and for double bottom trailer is equal to 63ft. 
However, some of these values do not match with the values recommended by AASHTO 
2001. Based on the recommendation of AASHTO 2001, the length of passenger car is 
increased to 19 ft, length of single unit truck is reduced to 30 ft, semi-trailer is increased 
to 55 ft and for double bottom truck the length is increased to 73 ft. the schematic 
diagram of the modeled on-ramp section is shown in Figure 7.
■ Upstream section ^ Merging Section ^* Downstream section H
1-15 Freeway_S/B........
S/B On-ramp -2% 
gradient
2 5 0 0  ft
Figure 7 Schematic Diagram of the on-ramp freeway merging section 
4.3 Field data
From the data collection at the case study, the volumes on freeway and ramp are 
presented in Table 3.
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Table 3 Traffic Flow on freeway and ramps as measured in field
Hourly flow (vph) Peak hour factor Percentage of trucks
Freeway 2134 0.951 19.8%
Ramps 1048 0.984 19.0%
From the car floating method the following speeds, their mean and standard deviation 
are reported for the different section as described in Table 4.
Table 4 Speeds from the floating car method
Section
Average Speed 
(mph)
Std. deviation 
(mph)
Number of 
samples
Confidence Interval 
95% speed (mph)
Upstream 66.10 9.1 11 60.73 71.47
Merging 56.72 8.4 23 5 3 J# 60.17
Downstream 54.70 9.4 23 50.84 58.56
Ramp 46.01 4.7 12 43.35 48.66
4.4 Model Calibration
The objective of the model calibration is to determine the combination of parameters 
values that can produce measure of effectiveness (MOE’s) that are similar to those 
observed in the field conditions. The calibration process involves a series of multiple 
simulation runs by changing the model default values and then comparing the results 
with the field conditions. The following parameters are adjusted for the model 
calibration:
• Speed on Freeway (upstream area, merging area, and downstream area),
• Average speeds on-ramp, and
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Traffic flow (on-ramp, merging section)
FRESIM Simulation
Identification of key parameters from 
regression analysis
Data collection from field for flow 
and speed
Identification of calibration 
parameters
Use of optimization function to 
determine the value of key parameters
Simulation of the model with the 
values obtained from the optimization 
function
Sensitivity analysis of the selected 
parameters for speeds and flows
Figure 8 Calibration procedure
4.4.1 Model calibration procedure
Different parameters that can affect the measure of effectiveness (traffic flows and 
speed) in simulation are acceleration lag, deceleration lag, percentage yield, standard 
deviation of free flow speed distribution, and standard deviation of driver sensitivity 
factor. These parameters are varied systematically over a range to evaluate their impact
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on the speeds and flow. The calibration procedure is conducted by varying one parameter 
at a time over its entire range and keeping other parameters fixed to their default values. 
The measure of effectiveness is recorded for each of the parameter over their entire 
range. The range variation for each calibration parameters and measure of effectiveness 
recorded for each case is shown in Table 3 Appendix I. The regression analysis is done 
with 95% confidence interval to evaluate the parameters that can potentially affect the 
speed and flows. From the regression analysis results, the merging flow is not 
significantly affected by any of the parameters. From the regression analysis results, 
acceleration lag and free flow speed distribution shown to have impact on significant 
impact on the speeds. The relation that is used for the calibration procedure is shown 
below.
Speeds = /{acceleration lag, free flow speed distribution)
Optimization: The optimization function is used to determine the values of the free flow 
speed distribution parameter and acceleration lag. The four Equations are formulated, 
one each for speeds at upstream, downstream, merging and ramp. The minimization is 
done using the observed values from the sites and the results obtained from the 
simulation using the key parameters identified. The constraints are defined for the range 
of key parameters based on the simulation results. The coefficient for acceleration lag 
and free flow speed distribution are determined for each Equation using the regression 
analysis. For the optimization, non negative values and non-linear model is assumed and 
with the help of Microsoft Excel optimization is performed. The optimization Equation 
and constraints Equation are shown in Equation 23 to 29.
)ramp ^ o b s  ^ s im  ^upstream ^ o b s  ^ s im  downstream ^ o b s  sim ^merging \
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Constraint Equations:
• For Acceleration Lag
0.2 < Acceleration lag <1.0
• For Free flow speed Distribution (FFSD)
1.68 < F F S D <  9.29
•  For Upstream
V u/s + 2.01 (acc. Lag) + 0.79 (FFSD) = 66.10
•  For Merging Section
Vmergiag + 0 (acc. Lag) + 1.05 (FFSD) = 56.72
• For Downstream
V d/s + 0 (acc. Lag) + 1.13 (FFSD) = 54.70
•  For On-ramps
Von-ramp + 0 (acc. Lag) + 0.55 (FFSD) = 46.01
(24)
(25)
(26)
(27)
(28)
(29)
Table 5 Results from the optimization function
Sections U/S Merging D/S Ramp Acc. Lag^ FFSD^
Speed from GPS 66.10 56.72 54.70 46.01
Speeds after 
Minimization function 61.79 55.81 56.85 46.92 0.20 7.29
Acceleration lag (Acc. Lag)
 ^Free flow speed distribution
4.6 Determination of minimum sample size for simulation runs
The sample size required for tolerable error calculates the minimum number of 
simulation runs (i.e., the sample size) required to produce results with a "sampling error"
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less than or equal to the tolerable error entered by the user. The formula for the sample 
size calculation is shown in Equation 30:
n=  (30)
E
where,
n = the minimum sample size,
Z score for 95% confidence interval = 1.96
= the sample variance computed from the simulation runs, and 
E = the tolerable error for the mean.
From the initial simulation runs the standard deviation of 3.2 mph and tolerable error of 1 
mph was observed. Based on the 95% confidence interval, the number of simulation runs 
was calculated using Equation 30.
Standard deviation, a  = 3.2 mph, E tolerable error = 1 mph 
Number of simulation runs = 39.2 ~ 40.
4.7 Simulation output MOE’s
MOE’s including speed and flow for on-ramp, merging, upstream and downstream 
section is collected from output processor. The output consists of the mean value, 
standard deviation and confidence interval for speed and flow for on-ramp, merging, 
downstream and upstream section. Since each simulation is run for one hour time period, 
the time intervals is set equal to 60 seconds and output processing is done after every 60 
intervals means one hour. As CORSIM do not give the results for density, when the
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multi-run feature is used. Therefore density is computed using the basic speed flow and 
density relationship shown in Equation 31.
k = - ^  (31)
n V
where,
q = flow in vehicles/hour, 
n = number of lanes,
V = velocity in miles/hour, and 
k = density in vehicles per mile per lane.
4.8 Different simulation scenarios
For the development of the PCE values, the impact of the different parameters is 
reviewed. The different scenarios modeled for this study are mentioned below;
Case 1
•  Truck percentage (0%, 5%, 10% 20% and 25%) on ramps and freeway both,
• Volume ratio (0.1,0.2, and 0.3),
• Traffic flows
Number of simulation runs = 5 x 1 1 x 3  = 165 
Case 2
•  Trucks (0%, 5%, 10% 20% and 25% trucks) on ramps only,
• Volume ratio (0.1, 0.2, and 0.3),
• Traffic flows
Number of simulation runs = 5 x 1 1 x 3  = 165
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Case 3
• Trucks (0%, 5%, 10%, 20% and 25% trucks) on freeway only.
•  Volume ratio (0.1,0.2, and 0.3),
• Traffic flows
Number of simulation runs = 5 x 1 1 x 3  = 165 
Total number of simulation runs = 165 x 3 = 495
4.9 Statistical Analysis
The statistical test is conducted on the simulation results to see whether the results 
obtained from the simulation are normally distributed or not.
4.9.1 Kolmogorov-Smimov test
In statistics, the Kolmogorov-Smimov test (often called the K-S test) is used to 
determine whether two underlying one-dimensional probability distributions differ, or 
whether an underlying probability distribution differs from a hypothesized distribution, 
in either case based on finite samples. The measure of the difference between the 
empirical distributions functions and proposes model is based on the maximum observed 
distance between the two functions. In this study, this test is conducted to check whether 
the results obtained from the simulation software in normally distributed. The one- 
sample KS test compares the empirical distribution function with the cumulative 
distribution function specified by the null hypothesis. The main applications are testing 
goodness of fit with the normal and uniform distributions. The test will be used to test 
whether speed, density and flows are normally distributed or not. The Kolmogorov- 
Smimov statistic is given by Equation 31.
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Dn = max [Fn (x(i)) -  Fho (x(i)) ] (32)
where,
Fnis the sample distribution function
FhoIs the theoretical distribution function (normal distribution)
The test statistic is used to test the hypothesis
Ho: Fn(x)=FHo(x)
Hi: Fn(x)^FHo(x)
The sample calculation of Kolmogorov-Smimov test for one data set (VR =0.1, % 
tmcks = 0 , and total flow = 5100 vph) to show that from the simulation results the data 
obtained is normally distributed. The value listed as asymptotic significance values of < 
0.05 is considered good evidence that the data set is not normally distributed. In this 
study, the value of asymptotic significance is more that 0.675, so it can said that there is 
insufficient evidence to suggest that the data set is not normally distributed. The test was 
conducted using the SPSS software for a confidence interval of 95%. The results from 
the test are shown in Table 6 .
Table 6 One-Sample Kolmogorov-Smimov Test
Speed Flow Density
N 40 40 40
Normal Parameters Mean 33.462 4449.22 44.38
Std. Deviation 1.449 40.618 1.535
Most Extreme Differences Absolute 0.113 0.093 0.098
Positive 0.113 0.093 0.088
Negative -0.091 -0.067 -0.098
Kolmogorov-Smimov Z 0.722 0.595 0.628
Asymptotic significance (2- 
tailed) 0.675 0.871 0.825
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4.9.2 Different Scenarios
For this study PCE values is computed for different scenarios;
• For different truck percentage (same volume ratio)
• For different volume ratios
• For different LOS
• For trucks on freeway only
• For trucks on ramp only
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CHAPTER 5 
RESULTS
5.1 Introduction
All the analyses conducted are for under-saturated conditions. The PCE values under 
the congestion scenario (LOS F) are not in the scope of this study. So the values reported 
in the study might not hold good for the congested conditions.
5.2 Review of the current HCM PCE values
The analysis done using HCS for merging section is done for different volume ratios 
and under different truck percentages shown in Table 7. The capacity results from the 
simulation are show in Table 7 for different volume ratios. The sample calculation from 
the Highway capacity software for case VR= 0.1 and truck percentage = 25% is attached 
in the Appendix I. The capacity of the merging section using simulation is calculated 
from the help of Figures 10 tol2.
• The capacity of the merging section is overestimated by the HCM when 
compared with the simulation results shown in Figure 9, Table 7 and Table 8 . 
The overestimation of capacity can be attributed to the underestimation of the 
PCE values.
•  HCM recommends the value of 1.5 for level terrain for different volume 
ratios, LOS and truck percentage.
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Table 7 Capacity of merging section
% of trucks Simulation capacity flow (vph)
HCM capacity (vph)
VR = 0.1 VR = 0.2 VR= 0.3 VR= 0.3
0 % 4430 4420 4400 4400
5% 4210 4190 4160 4160
10% 4040 4020 4000 4000
20% 3750 3640 3550 3550
25% 3580 3510 3500 3500
Capacity of merging section vs percentage of trucks
5000
4500
4000 -
3500 -
•a  3000 - 
2500 -I§ 2000 - HCM (for VR =0.1, 0.2 and 0.3) Simulation (VR= 0.1)
1500 - Simulation (VR= 0.2) Simulation (VR = 0.3)
1000 -
500 -
0% 10%
Percentage of trucks
Figure 9 Capacity of the merging section vs. percentage of trucks
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FLow vs Density Merging Setion (VR = 0.1)
50 1
truck truck trucks
45 -
20% trucks 25% trucks
40 -
35 -
■S. 30 -
25 - Density at capacity
Density
1 0 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Flow (vph)
Figure 10 Flow vs. density curve for merging section with volume ratio 0.1
Flow vs Density Merging section (VR = 0.2)
0% truck truck trucks
50 - 25% truckstrucks
40 -
I
I Density at capacity
20 -
Capacity
10 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Flow (vph)
Figure 11 Flow vs. density curve for merging section with volume ratio 0.2
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Flow vs Density Merging section  (VR = 0.3)
60 1
5% trucks 10% trucks0% trucks
50 25% trucks20% trucks
Density at capacity
2 0 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
F lo w  (vph)
Figure 12 Flow vs. density curve for merging section with volume ratio 0.3
5.3 Effect of the volume ratios on the capacity of the merging sections
The capacity of the merging section for different volume ratio is calculated from the 
Figure 10 to 12. The volume ratios can decrease the capacity of the merging sections as 
shown in Table 8 . The reduction in capacity is attributed to the slow moving vehicles 
merging into the mainhne reduces the overall the capacity of the merging section.
5.4 Effect on PCE values merging section for different volume ratios
This section describes the effect of volume ratios on the PCE values for merging 
section. The sample calculation is shown below for the computation of PCE values from 
the figure of flow vs. density. The values of PCE calculated for merging section is shown 
in Table 9.
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Sample calculation for PCE value for VR = 0.1 and Truck Percentage = 10%, at 
capacity using Figure 10.
Qb = 4438 pcph, qM = 4054 vph
Qb = 90% (qM) + 10% (qM) PCE (from Equation 21)
4438 -  0.9 * 4054
PCE=
0.1*4054
= 1.95 {compared to HCM r e c o m m e n d e d 5)
•  In merging section, for volume ratio of 0.1, there is a decrease in the PCE 
values as the percentage of trucks are increased. In volume ratio of 0.2, the 
similar pattern is observed except at truck percentage of 25. The volume ratio 
of 0.3, there is no clear trend, shows how the PCE values are affected with 
change in percentage of trucks.
•  The volume ratio of 0.2 has the maximum PCE values for all the truck 
percentages except 2 0 %.
• PCE values are highest in the case of 5%.
Table 8 PCE values at capacity for merging section
VR = 0.1 VR = 0.2 VR = 0.3
5% 2.08 2.10 2.02
10% 1.95 1.99 1.96
20% 1.93 1.98 2.00
25% 1.92 2.01 1.99
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5.5 PCE values for upstream and downstream of merging section 
The PCE values are computed for the upstream and downstream section adjacent to the 
merging section, are shown in Table 9. The flow vs. density curves for upstream and 
downstream section is shown in figure 11 to 16.
• Eor volume ratio equal to 0.1, the PCE values decreases as the percentage of 
trucks increases. But 0.3, the PCE value increases with the percentage of 
trucks. There is no clear trend of PCE values for volume ratio of 0.2 with the 
change in percentage of trucks.
•  For upstream section, there is no clear trend which shows that PCE value are 
maximizes at given volume ratio for different truck percentages.
•  For upstream section, for truck percentage up to 10%, as the volume ratio 
increases the PCE value decreases. Eor truck percentage equals to 25, as the 
volume ratio increases the PCE value increases.
•  Eor downstream section the PCE values is highest at volume ratio of 0.2 
except for truck percentage equal to 10.
•  For downstream section, there is no clear trend for PCE values with increase 
in the truck percentage
Table 9 PCE values for upstream and downstream section at capacity
Percentage 
of trucks
Upstream Downstream
VR = 0.1 VR = 0.2 VR = 0.3 VR = 0.1 VR = 0.2 VR = 0.3
5% 2.11 2.11 1.95 2.06 2.15 2.04
10% 2.01 1.99 1.96 1.99 1.99 2.04
20% 1.94 1.99 1.98 1.91 2.00 2.00
25% 1.95 2.00 2.03 1.94 2.05 2.03
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Flow vs density upstream section (VR = 0.1)
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Figure 13 Flow vs. density curve for upstream section with volume ratio 0.1
Flow vs. density upstream section (VR = 0.2)
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Figure 14 Flow vs. density curve for upstream section with volume ratio 0.2
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Flow vs density upstream section (VR = 0.3)
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Figure 15 Flow vs. density curve for upstream section with volume ratio 0.3
Flow vs density downstream section (VR = 0.1)
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Figure 16 Flow vs. density curve for downstream section with volume ratio 0.1
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Flow vs density downstream section (VR = 0.2)
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Figure 17 Flow vs. density curve for downstream section with volume ratio 0.2
Flow vs density downstream section (VR= 0.3)
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Figure 18 Flow vs. density curve for downstream section with volume ratio 0.3
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5.6 PCE values for different LOS for merging section
This section discusses the PCE values based on the different level of service as 
shown in Table 10. The Figures from 9 to 11 are used to calculate PCE values for the 
different LOS. The Figure 19 shows the equivalent density for different level of service 
and using Equation 20, the PCE values are calculated.
Flow vs Density for VR = 0.2 and Truck percentage 5%
60 1
truck truck
50 -
40 - LOS E (35 < density till demand exceed capacity)
LOS D ( 28 < Density < 35
r
20 -
LOS C ( 20 <Density <28 pcpmpl)
LOS B ( 10 <Density <20 pcpmpl)
LOS A ( Density <10 
pcpmpl) — »
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Flow (vph)
Figure 19 Flow vs. density curve for VR =0.2 for different LOS
•  The PCE values are equal to 1 for LOS A, for different volume ratios and 
different truck percentage.
•  PCE values are function of LOS, increases with the increase in LOS for 
volume ratio of 0.1. But there is no clear trend for volume ratio of 0.2 and
0.3.
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• PCE values are highest at truck percentage of 5% at capacity for any given 
volume ratio.
•  PCE values for LOS B and volume ratio of 0.1, with the increase in truck 
percentage the PCE value increases. But for volume ratio of 0.2 and 0.3 no 
clear trend is present. The PCE values are highest for volume ratio of 0.1 for 
LOS B when compared with other volume ratio for the same percentage of 
trucks.
•  For LOS C, D and at capacity, there is no clear trend of variation of PCE 
values with respect to volume ratios and truck percentage.
Table 10 PCE values for different LOS for merging
LOS % of trucks VR = 0.1 VR = 0.2 VR = 0.3
A
5% 1.00 1.00 1.00
10% 1.00 1.00 1.00
20% 1.00 1.00 1.00
25% 1.00 1.00 1.00
B
5% 1.00 1.00 1.00
10% 1.03 1.00 1.00
20% 1.32 1.20 1.18
25% 1.40 1.16 1.11
C
5% 1.87 2.09 2.09
10% 1.72 2.13 1.98
20% 1.81 1.84 1.87
25% 1.83 1.86 1.86
D
5% 2.00 2.03 1.91
10% 1.95 1.88 1.82
20% 1.90 1.91 1.93
25% 1.90 1.94 1.93
Capacity
5% 2.08 2.10 2.02
10% 1.95 1.99 1.96
20% 1.93 1.98 2.00
25% 1.92 2.01 1.99
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Table 11 PCE values for different volume ratios merging section
VR % of trucks A B c D CAPACITY
0.1
5% 1.00 1.00 1.87 2.00 2.08
10% 1.00 1.03 1.72 1.95 1.95
20% 1.00 1.32 1.81 1.90 1.93
25% 1.00 1.40 1.83 1.90 1.92
0.2
5% 1.00 1.00 2.09 2.03 2.10
10% 1.00 1.00 2.13 1.88 1.99
20% 1.00 1.20 1.84 1.91 1.98
25% 1.00 1.16 1.86 1.94 2.01
0.3
5% 1.00 1.00 2.09 1.91 2.02
10% 1.00 1.00 1.98 1.82 1.96
20% 1.00 1.18 1.87 1.93 2.00
25% 1.00 1.11 1.86 1.93 1.99
5.7 PCE values for different LOS for upstream and downstream
To calculate the PCE values based on LOS, Figures 13 to 18 are used. The PCE 
values are reported for the different level of service for upstream and downstream section 
adjacent to merging section in Table 12 to Table 14. The different LOS for basic freeway 
segment are shown in Figure 20 for upstream VR = 0.2 and truck percentage 10.
For upstream section
• The PCE value is equal to 1 for LOS A and B for different volume ratios and 
different truck percentages except for VR = 0.3 and truck percentage = 25.
•  For volume ratio of 0.2, increase in the PCE value with increase in LOS for 
same truck percentage.
• For LOS C, PCE value is increasing for volume ratio 0.1 and 0.3 as the truck 
percentage increases. For VR of 0.2, there is no clear trend of PCE values 
when the percentage of trucks increases.
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•  For LOS C, the PCE values are highest for VR of 0.3 for any given 
percentage of trucks.
•  For LOS D, the PCE values increases in all the volume ratios when the truck 
percentage is increases.
•  For LOS D, there is no clear trend for which VR the PCE values are highest.
•  For LOS E, there is no clear trend for change in the PCE values with different 
volume ratio and percentage of trucks.
Flow vs. Density with VR =0.2 and Truck percentage = 10
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Figure 20 Flow vs. Density for upstream section VR =0.2
For Downstream section
• The PCE value is equal to 1 for LOS A for different volume ratios and 
different tmck percentages except for VR = 0.3 and truck percentage = 25.
64
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm ission .
• For LOS B, PCE value increases as the truck percentage increases for volume 
ratio 0.2 and 0.3. But there is no clear trend for PCE values for VR of 0.1 with 
the change in percentage of trucks.
• For LOS C, PCE value is increasing for volume ratio 0.1 and 0.3 as the truck 
percentage increases. For VR of 0.2 there is no clear trend of PCE values 
when the percentage of trucks increases.
• For LOS C, the PCE values are highest for VR of 0.2 for any given 
percentage of trucks.
• For LOS D, there is no clear trend for PCE values, as the volume ratio 
increase and truck percentage increases.
•  For LOS D, the PCE values are highest for VR of 0.2 for any given 
percentage of trucks.
• For LOS E, there is no clear trend for change in the PCE values with different 
volume ratio and percentage of trucks.
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Table 12 PCE values for different volume ratios upstream section
VR % of trucks A B c D Capacity
0.1
5% 1.00 1.00 1.00 1.59 2.11
10% 1.00 1.00 1.00 1.63 2.01
20% 1.00 1.00 1.03 1.74 1.94
25% 1.00 1.00 1.07 1.80 1.95
0.2
5% 1.00 1.00 1.00 1.92 2.11
10% 1.00 1.00 1.30 1.93 1.99
20% 1.00 1.00 1.19 1.94 1.99
25% 1.00 1.00 1.35 1.94 2.00
0.3
5% 1.00 1.00 1.59 L89 1.95
10% 1.00 1.00 1.62 1.94 1.96
20% 1.00 1.00 1.80 1.97 1.98
25% 1.03 1.09 1.87 2.02 2.03
Table 13 PCE value for different LOS for upstream
LOS % of Trucks VR = 0.1 VR = 0.2 VR = 0.3
A
5% 1.00 1.00 1.00
10% 1.00 1.00 1.00
20% 1.00 1.00 1.00
25% 1.00 1.00 1.03
B
5% 1.00 1.00 1.00
10% 1.00 1.00 1.00
20% 1.00 1.00 1.00
25% 1.00 1.00 1.09
C
5% 1.00 1.00 1.59
10% 1.00 1.30 1.62
20% 1.03 1.19 1.80
25% 1.07 1.35 1.87
D
5% 1.59 1.92 1.89
10% L63 1.93 1.94
2 0% 1.74 1.94 1.97
25% 1.80 1.94 2.02
Capacity
5% 2.11 2.11 1.95
10% 2.01 1.99 1.96
20% 1.94 1.99 1.98
25% 1.95 2.00 2.03
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Table 14 PCE values for different volume ratios downstream section
VR % of trucks A B c D CAPACITY
0.1
5% 1.00 1.00 1.00 1.41 2.06
10% 1.00 1.05 1.00 1.61 1.99
20% 1.00 1.02 1.08 1.57 1.91
25% 1.00 1.04 1.14 1.55 1.94
0.2
5% 1.00 1.00 1.00 1.41 2.15
10% 1.00 1.00 1.13 1.72 1.99
20% 1.00 1.02 1.10 1.59 2.00
25% 1.00 1.04 1.41 1.64 2.05
0.3
5% 1.00 1.00 1.00 1.36 2.04
10% 1.00 1.00 1.00 1.61 2.04
20% 1.00 1.02 1.10 1.57 2.00
25% 1.03 1.08 1.11 1.57 2.03
Table 15 PCE values for different LOS for downstream section
LOS % of Trucks VR = 0.1 VR = 0.2 VR = 0.3
A
5% 1.00 1.00 1.00
10% 1.00 1.00 1.00
20% 1.00 1.00 1.00
25% 1.00 1.00 1.03
B
5% 1.00 1.00 1.00
10% 1.05 1.00 1.00
20% 1.02 1.02 1.02
25% 1.04 1.04 1.08
C
5% 1.00 1.00 1.00
10% 1.00 1.13 1.00
20% 1.08 1.10 1.10
25% 1.14 1.41 1.11
D
5% 1.41 1.41 1.36
10% 1.61 1.72 1.61
20% 1.57 1.59 1.57
25% 1.55 1.64 1.57
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Table 15 PCE values for different LOS for downstream section (contd.)
Capacity
5% 2.06 2.15 2.04
10% 1.99 1.99 2.04
20% 1.91 2.00 2.00
25% 1.94 2.05 243
5.8 PCE values for trucks coming only from on-ramp in merging section
The results mentioned in Table 16 are for the case when at particular volume ratio all 
the trucks that are coming from on-ramp have that much percent of trucks. So, as the 
volume ratio increases the actual truck percentage in total flow increases.
• The low values for PCE values are attributed to the fact that in this case, 
heavy vehicles are coming from the on-ramp only, the total volume of truck is 
small.
•  There is no clear trend for PCE values with the change in volume ratio and 
truck percentage.
Table 16 PCE value at capacity for merging section (trucks on-ramp only)
% of trucks VR = 0.1 VR = 0.2 VR = 0.3
5% 1.10 1.04 1.14
10% 1.09 1.05 1.12
20% 1.03 1.05 1.14
25% 1.03 1.04 1.15
5.9 PCE values for trucks coming only from freeway in merging conditions
The results mentioned in Table 17are for the case when at particular volume ratio all 
the traffic that is coming for freeway has that much percent of trucks. So, as the volume 
ratio increases, the actual truck percentage in total flow decreases. The lower volume
68
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm ission .
ratio means more number of trucks is coming from freeway section for a given 
percentage of trucks.
• The heavy vehicles coming from freeway suffer turbulence even from the 
passenger car coming from the on-ramps which explains the fact that the PCE 
values are very high. The interaction between the car-truck, truck-truck and 
truck-car are not easy to comprehend.
• There is no clear trend for PCE values with the change in volume ratio and 
truck percentage.
Table 17 PCE value at capacity for merging section (trucks on freeway only)
Percentage of Trucks VR = 0.1 VR = 0.2 VR = 0.3
5% 2.24 2.18 2.09
10% 1.99 2.05 2.12
20% 1.93 2.02 2.08
25% 1.96 2.04 2.10
5.10 Summary of the results
The results of this study have shown that the unlike the HCM recommendations:
•  Capacity of the merging section decreases as the volume ratio increases.
• PCE values for merging section varies with different volume ratios and
different truck percentage.
• PCE values for merging section varies with truck percentage.
•  PCE values for merging section varies with different LOS.
• PCE values for upstream and downstream section varies with different 
volume ratios.
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PCE values for upstream and downstream section varies with different truck 
percentage.
PCE values for upstream and downstream section varies with different LOS.
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
1. Effect of flows rates on PCE values:
Results obtained for this study are similar to the results of study conducted by 
Elefteriadou (1999). Elefteriadou reported that the PCE values for basic freeway 
segment for level segments were equal to 1.0 for flow up to 1500 vphpl for truck 
percentages up to 15%. When the flow was increased to the 2000 vphpl, the PCE 
value increased to 1.5 for 5% trucks and for 15 to 25% trucks the PCE value was 
2.0. In our study, the results showed the PCE values vary with the LOS for 
downstream and upstream section a low as 1.0 for low flow rates (LOS A) and as 
high as 2.15 at capacity.
2. PCE values in merging sections:
The study showed that the PCE values are different for the merging section as 
compared to the basic freeway segment. The results are consistent with results of 
the study conducted by Vermijis (1998) which showed the PCE values for 
weaving sections can vary from 2.5 to 3.6 based on the lane configuration for 
weaving sections. The results from that study showed that the PCE values are 
different from the values recommended by HCM (2000). In this study also for
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weaving sections the PCE values varies with the LOS, volume ratios and 
percentage of trucks.
3. PCE values for upstream and downstream section adjacent to merging sections: 
From this study the upstream sections adjacent to the merging sections doesn’t 
behave as basic freeway segment the capacities are influenced by merging 
operations. The PCE value for upstream and downstream section can be as low as
1.0 for LOS A and as high as 2.15 for LOS E. The HCM recommended value is
1.5 for truck percentage from 2 to 25%.
4. Effect of volume ratio on capacities:
The study showed that the capacity of the merging sections is affected by the 
volume ratios. High volume ratios lead to the lower capacity of the section.
5. The HCM recommends the use of same PCE value for different volume ratios, 
different percentage of trucks and different LOS. This study showed that PCE 
values for level section vary with the LOS, percentage of truck and volume ratio.
6 . Effect of PCE values when heavy vehicles are on ramp only:
The PCE values for trucks that are only coming from the on-ramp vary from 1.03 
to 1.15, based on volume ratio and truck percentage. PCE values are lower when 
compared to the scenario when trucks are coming only from freeway and from the 
scenario when trucks are present both on freeway and ramp.
7. Effect on PCE values when heavy vehicles are on freeway only:
The PCE values for trucks that are only coming from the freeway vary from 1.93 
to 2.24, based on volume ratio and truck percentage. PCE values are higher when
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compared to the scenario when trucks are coming only from on-ramp and from 
the scenario when trucks are present both on freeway and ramp.
6.2 Recommendations
• One of the main drawbacks of this study is that the model is not validated; the 
validated model can help in a more legitimate estimation of PCE values 
determination. However, this study showed that the PCE values for merging 
section area is different from basic freeway segment. The similar results are 
expected after the model validation.
• For future studies, impact of the acceleration lane length on the capacity of 
merging sections and potential impact on PCE values.
•  The effect of upgrades and downgrades on the PCE values and capacities of the 
merging sections.
•  The number of lanes may affect the PCE values; the more lanes will allow 
vehicles to travel in outer lanes away from merging lanes which may change the 
PCE values.
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CHAPTER 7
LIMITATIONS OF THE SOFTWARE AND STUDY
7.1 Limitations of software and study
•  One of the main drawbacks of this study is that the model was not validated. 
Therefore, although the trends and relationships of the PCE values with respect to 
various parameters appear to be reasonable, the actual computed PCE values may 
no be accurate.
•  The PCE values developed in this study are for under saturated conditions and 
the results may not hold good for over saturated conditions.
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APPENDIX I
DATA COLLECTION
Table 1: Data collection results from freeway
Start time Finish time
Heavy vehicles 
in lane 1 and 2
RV
S
Motor
Bikes Median lane Shoulder lane
10:00 10:05 17 90
10:05 10:10 29 1 85 55
10:10 10:15 25 3 1 95 60
10:15 10:20 43 2 83 56
10:20 10:25 38 2 96 44
10:25 10:30 35 5 99 44
10:30 10:35 34 85 51
10:35 10:40 31 81 37
10:40 10:45 24 1 86 50
10:45 10:50 30 1 93 51
10:50 10:55 23 1 84 58
10:55 11:00 48 5 103 49
11:00 11:05 43 2 96 39
11:05 11:10 44 3 77 47
11:10 11:15 30 1 109 70
Table 2: Data collection results from on-ramp
Start time Finish time Passenger cars
Freeway heavy 
vehicles 
in lane 1 and 2 RVS Motorbikes
10:00 10:05 31 6 1
10:05 10:10 75 17
10:10 10:15 81 16 1
10:15 10:20 54 18
10:20 10:25 78 13 1
10:25 10:30 52 20
10:30 10:35 88 9 2
10:35 10:40 69 16
10:40 10:45 70 15
10:45 10:50 86 19 2
10:50 10:55 71 16
10:55 11:00 77 16
11:00 11:05 59 18 2
11:05 11:10 65 15
11:10 11:15 71 24 1 1
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Table 3 Simulation Results from the varying each parameter
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■D
CD
C / )
C / )
O S
Merging
flow
Upstream
speed
Merging
speed
Downstream
Speed
Ramp
Speed
Acceleration
lag FFS DSS
Deceleration
lag % yield
Lane
change
3187 63.20 58.18 60.07 48.23 0.3 5.04 0.303 0.3 20 2
3189 63.30 58.70 60.48 48.26 0.2 5.04 0.303 0.3 20 2
3189 63.15 57.76 59.60 48.23 0.4 5.04 0.303 0.3 20 2
2859 63.27 59.23 60.84 48.18 1 5.04 0.303 0.3 20 3
3187 63.16 57.75 59.64 48.16 0.3 5.04 0.303 0.2 20 2
3187 6 3 .22 58.56 60.28 48.28 0.3 5.04 0.303 0.4 20 2
3187 63.17 58.91 60.46 48.38 0.3 5.04 0.303 0.6 20 2
3187 63.11 5 9 .2 3 60.45 48.41 0.3 5.04 0.303 0.8 20 2
3187 62.50 57.53 59.66 46.99 0.3 5.04 0.303 1 20 2
3187 63.20 58.19 59.93 48.23 0.3 5.04 0.303 0.3 5 2
3188 63.19 58.14 60.01 48.22 0.3 5.04 0.303 0.3 10 2
3187 63.18 58.23 59.97 48.23 0.3 5.04 0.303 0.3 15 2
3187 63.20 5 8 2 8 60.07 48.23 0.3 5.04 0.303 0.3 25 2
3188 6 L 2 0 5 8 2 2 60.03 48.23 0.3 5.04 0.303 0.3 30 2
3187 63.16 58.82 60.12 48.23 0.3 5.04 0.303 0.3 20 1
3187 6 L 2 2 58.60 60.28 48.23 0.3 5.04 0.303 0.3 20 1.5
3187 63.13 58.04 59.78 48.23 0.3 5.04 0.303 0.3 20 2.5
3 1 8 6 63.14 57.79 59.60 48.23 0.3 5.04 0.303 0.3 20 3
3188 63.09 57.70 59.11 48.23 0.3 5.04 0.303 0.3 20 3.5
3188 64.13 60.08 61.90 49.05 0.3 3 2 6 0.303 0.3 20 2
3188 60.99 54.93 57.05 46.48 0.3 7.87 0.303 0.3 20 2
3187 64.80 61.66 63.51 49.60 0.3 1.68 0.303 0.3 20 2
3187 5& 78 5 3 2 2 55.71 45.70 0.3 9.09 0.303 0.3 20 2
3185 62.67 57.27 59.23 47.83 0.3 5.62 0.303 0.3 20 2
3187 61.84 56.04 58.07 47.17 0.3 6.71 0.303 0.3 20 2
3186 63.54 58.96 60.75 48.57 0.3 4.54 0.303 0.3 20 2
3187 63.09 57.31 59.40 48.20 0.3 5.04 0.404 0.3 20 2
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3189 63.21 58.63 60.28 48.23 0.3 5.04 0.151 0.3 20 2
3187 63.17 58.27 60.20 48.24 0.3 5.04 0.336 0.3 20 2
3188 63.04 56.04 57.80 48.13 0.3 5.04 0.163 0.3 20 2
3187 63.00 56.52 58.15 48.13 0.3 5.04 0.125 0.3 20 2
3186 63.14 58.31 60.02 48.21 0.3 5.04 0.206 0.3 20 2
3188 63.18 58.02 59.91 48.21 0.3 5.04 0.245 0.3 20 2
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Sample Calculation: HCM merging section capacity analysis for 25%
Freeway Data
Type of analysis Merge
Number of lanes in freeway 2
Free-flow speed on freeway 65 . 0 mph
Volume on freeway 3680 vph
On Ramp Data
Side of freeway Right
Number of lanes in ramp 1
Free-flow speed on ramp 50 . 0 mph
Volume on ramp 408 vph
Length of first accel/decel lane 2500 ft
Length of second accel/decel lane ft
Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp ft
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 3680 408
vph
Peak-hour factor, PHF 1.00 1.00
Peak 15-min volume, vl5 920 102
Trucks and buses 
%
25 25
Recreational vehicles 
%
0 0
Terrain type; Level Level
Grade % %
Length mi mi
mi
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0 . 8 8 9 0.889
Driver population factor, fP 1.00 1. 00
Flow rate, vp 4140 459
pcph
Estimation of VI2 Merge Areas
L = (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation 0
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FM
V  = V  (P ) = 4140 pc/h
12 F FM
_______________Capacity Checks_
Actual Maximum LOS F?
V 4599 4700 No
FO
V 4599 4600 No
RI 2
Level of Service Determination (if not F)
Density, D = 5.475 + 0.00734 v + 0.0078 v - 0.00627 L = 25.5
pc/mi/ln
R R 12 A
Level of service for ramp-freeway junction areas of influence C
________________________________ Speed_Estimation_______________________
Intermediate speed variable, M = 0.459
S
Space mean speed in ramp influence area, S =54.5 mph
R
Space mean speed in outer lanes, S = N/A mph
0
Space mean speed for all vehicles, S =54.5 mph
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Site Names: 
County: 
Punct. Class; 
Location:
Table 4: Traffic count by NDOT on case study location on-ramp location 
Nevada Department of Transportation
Daily Volume from 01/31/2006 through 02/07/2006
. E-15030390.
Clark
Urban Piincmal Arterial - Iriteisate 
SÆ on-mnD of the Chevenne Av latch Exit 46
Seasonal Factor Tvpe: 
Daily Factor Type: 
Axle Fact£nT>T3e: 
Growth Factor Type:
05
05
00o
91/29*2008 01/302908 91/SD200tf 92/012008 02‘02^006 02/03/2006 oim aeoo
Road N S RdmI X s Rond N s Road s 5 Read N s Rmmd N s Road N s
90:00 2SW 294 31Î 3:( 331 331 44S 44S
01:08 IW 1% 23C 23C 24: 24! 30i 30!
«2:00 283 2£3 30! 30f 330 33( 344 34i
03:00 3SC 3S( 39! 395 412 41: 31: 31-
04:00 6M 84< 67« 8’C 664 «■! 37^ 37^
08:00 14% 1434 144! 1,345 i4Sfl 1.3® 66Î «81
06:00 W 14W 1,187 i 4 d 1,22C i^ d 933I 93]
07:08 144< 14W 1451 1,151 1,327 1427 1.14- 1441
00.-00 1,0® l,OSj 142: 1 121 1403 1,26^ i,wd 1.05!
09:90 U7] 1,271 14^ < t4i(S î^às 149$ I4i1 1417
loao 139] 14^ 14<^ i4tn 138$ 0 3 ! 1431 1431
11:09 1,337 1^31 M23 14Z M2< 142< 1,37] 147 : 1,35( U3<
12:00 l,4K lAU 1,421 1,42] 1.42! !,-% 1,322 142: 149:
13:00 1,3+4 IJ4^ 14% 14% 1.41: 1,^ 12 1,367 U6! 345S I.25S
14:00 1,381 U 8Ï 1,431 1,431 149! 1495 138Î 1,3® M19 141s
18:00 1,381 1,361 1234 14&= U5i î.25f 1,272 1,27: 149!
18:80 i,:oc L2cd 14^ 144^ 143] 1,233 o ca ood 143d 1 4 %
17:00 1,191 1491 142] 1.123 14« 1,20: 1,10< 149d 14« 14 «
18:00 97i 97Î 1484 148* 148: 3488 1.377 1477 141I i , i r
19:00 1043 L043 1,02: 1,03:^ l,0£î 3,osq 1,021 1,021 85^ S5i
20:09 87Î S7i ff7( 8?i 94< 94( MM 90^ »■ «91
2130 SOi SOI 73' 78: is: S82 858 851 75: 75]
22:00 582 584 835 83' 6% 844 719 715 T7( 77Î
23:00 43C 43C 4S( 43< 4» 454 591 591 64S «43
Vdinui 13,04î 13,54i 2345: 234S 23411 23.S1Î 23,99C 23.9% 214% 21,37;
AMNabYot 149: 14% 145< 1,35C 1,588 14® 14% l,33<
AMftakFct l.OC l.X 1.0: l.OC 1.0C l.« i.od l.OC
AlklFtadcHr 10;CC iO.O 9:W SIOC 5;0C 5:0Q 11:00 U:K
FMF^akVd 1,4K 1,41( 1.431 1,431 l,42< 3.42C I.3SÉ V ® 149^ 1,291
m P eak l^t l.OC m l.OC l.CX i.C< Ï.OC I.OC l.OC Ï.CK l.OC
PMFtakHr 12JK 12JX 14;tK 14:0( 12:« Î2:0C I4:0C 14:a 15:0( 1S:«
ScssMUlFct 1.0?< 1.07C 1.029 1.02i 1.0% 1.029 1.025 1.02s 1.02s ÎJ02S
DaÜvFd l.OOC l.OOC l.OOC 1.O0Î I.OX lOOC l.OOC l.OOC l.OOC l.OOC
AxltFct Q.SOC O.SOC 0.50C 0.5 K Û.50C 0.50C 0.50C 0.50C 0.50C OjSOC
PmkeFct 2.00C 2.00C 2.0CC ■2.CHK 2.C<X 2.00C 2.00C 2.00C 2.00C z o a
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Nevada Department of Transportation
Daily Volume from 01/31/2006 through 02/07/2006
Site Names: 030390... IR-15 
County: Clarit
Funct. Class : Urban Princinal Arterial - mtetstate 
Location: &'B (m-ramn of the Cheyenne Av Imch Exit 46
Seasonal Factor TsTse: 
Daily Factor Type: 
Axle Factor Type: 
G i w i  Factor Type:
05
05
00
Road Road
44] 263 27S
371 "Sc37]
22J 22802:00
361
(M:00 23C
38: 1,771 1^ 71
715 715 114:
76! 1,22C
913
955 1,243 1^4]
11:0$
1,12: 1,12:
14:00
1W 1,115 1,115
1,34!
16:00
1,207
18:00
IMF 1.05:
20:00 75( 7«
611 61]
22:00 578 571
23:00 42:
16.705
1,031
T5cl.OC
li:0(
1,127 1,413
T5ÔT3(
Tïq!1.025
I.OCC LOCK l.OOC
0.50C 0.500 0.5CK
2.C0C ZOOC lOOC
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Nevada Department o f Transportation 
Daily Volume from 01/30/2006 through 02/05/2006
Site Names: 0Î0387.6026D3.. IR-Î5 
County; Clark
Fund. Class: Urban Principal Arterial - Interstate 
Location: .6 mi X of the Cheverme Av Intch Exit. 46
Seasonal Factor Type; 
Daily Factor Type: 
Axle Factor Type: 
Grower F actor Tyoe:
05
05
00
to
0129 2000 01(30/2000 01(3122080 0201 2000 02«2.'200< 0203 200* 02042W6
Ram s Haul s RaaO s N RHd s Kaad s N Road S 3T- Read 5 TT
«0:0(1 i,:o3 435 683 1,07! 43: 647 LI); 4): ''il 1,211 47! 735 1,-4! 59) 1,1st
01:00 5S )}; 439 ""5'7: 337 487 8 s; 515 9» ■331 ' T71 1.27! 454 "815
02:00 "775 34, 4:6 ' so; 3S! ■ qc 82! J7i 44: 55! 39" TE LCO( 54! 658
02:00 Si,- 436 417 863 43C 83: 450 424 97; SOI 474 Ml 357 544
04:00 1.547 775 77: 1.63: ■95 S3! 1.66! n 857 i.fii: 761 85, 1.17:■ ....5C2 668
00:00 5,435 .W3 1.76: 3.52: 1,706 U K 3.62! uod m 3,4S; 1,73! 1.75( !,7S( 785 r:
00:00 4.5-4 1,7 7i 2 j t i 4.M: 1,901 3-.W 4,591 U9! 2,69: 4,65! u : - 3)2 . “I6II 1,135 1.47s
OT:fl# 4.455 3.C2: 14J< 4.46, ""TW 139: 433( 1.94- 1586 4,43! 3.C0! 1424 3.11! ....05< 1.675
00:00 4.3SC XI11 2,2(5 19(7 l,,-5: 3J5: 4.11- 1.891 2318 4,35! X!4! ÎJ3-1 3.3% 1.611 1,®:
00:00 4,463 i r a 229" 4.48. X37i 2X - TTSl .12:: 2.17: 4,el( 2 J il 2)53 LSI! 1,34! I f / :
l&OO 4.62C 234: 1375 V I: 1321 118! 4.40; 126: 2.145 4.67! 2)43 2.33( 4.0: 2.05! 1.973
11:00 4,623 X29! m 4.691 X391 2J(K 4391 1357 1133 4.751 X41! 2.342 4.36! 126! 2.098
12:00 0J78 13q: 2 x ; 4.607 1321 1378 4.561 12R 2375 4,851 X43? 2.427 4.441 X2M 2.1SC
13:00 4.634 24:; 2J«5 4.70: X3S! 2Jlt 4.641 14» 1182 4,66- 14:1 2,248 4,34! X34J 10%
1400 2SS! 2J07 4.951 X73: 13% 5.13( XT17 2.413 4.86! 2/63: 2X7 5J51 X7S1 15TC 4.36/ X)C< 1.964
10:00 5,041 1653 2J85 4,006 1623 X177 5.131 1634 X4?7 4.Î23 162: 1201 5,25( 174: 2,488 4,2); X3T3 1.963
10:00 4,SCO 2.417 2.3S: 44583 X363 2)18 4.791 13*1 m 4.95: 1401 2,54! 5.0s; X4S! 16% 4.35: 2X54 lUS
17:00 4,777 2.24; 253: 4.391 X305 ,2,483 474< X30j 1)77 4.71: 2.281 2,43: 4,®; 3J3C 146- 4.11 1241 1.SS1
18:00 3.632 L63; 20IX 3.938 1.7K U N 4.03! 1.79! 2X3 3.941 1.7S1 2.158 4.39! 1137 125; 3.71: 1C2! 1.684
19:00 2j6=l 110: 1.4CÎ 293C U3; U5- 3.02' U51 I j l 3.05; 1,46! 1.598 3.42; LIT l.®3 186! 1.45! 1.4K
20:00 i n 997 m 2.43t 1,02! 1.41C 2,48! 1.C6! 1.414 1551 US! UP7 2,87! l.)(% 1.57C 2.45; u o ; 1.25C
2100 2.«2 9ji U 5i 2.191 ue< 2,171 9S- l.!9( 130: uo; 1X97 162: U K l,44t 135: 1.C5! U98
22:00 1.685 7)7 952 1,398 8:1 9*7 W! *1: UK ICO- 90; 1.HB 134, 1.C27 1,32! x:o; 1.04( 1,157
23:00 1.3 St Sr; 751 1.451 63 i 54! 'XW 6:1 88( 1.6): ts; W i,p9j 79! i,:9: 1.54! 75( IMS
Volm» 3315S Ift't; !7.i9t 7SA37 ÎT.07! 4CP2S 79.51: 30,23! 41X 3 79,b ; ÎS.Ï4; 45.555 W.12( 40,4.! 45.'Z4 70J1 34.041 35,683
iUiFeakloj 4.623 X34I 2.79; 4.6? 1 1391 X746 4.591 1261 X6S3 4.761 2.4,! 152 : 4js; 126i 2.099
AMfiafeFct TOC 1.01 1.H I.Ol 1.0! 1.M U ( 1.01 ICC l.(H 1.0: IK 1.31 1.K l.OC
AioreakHc 11:5C 10:01 6.ÜC 11:01 11:0! 6;H 43! 10:01 6.« (1.31 IWX m 11% 'I t-.53 11:%
m P a lcV e l 4.951 X72! &4s3 5,131 X717 2.-197 4.9s: X65: 2J4J 5.35J X7S1 16C( 4,44! 134! X15C
PUFeakFct tot i.o( ,!.« 1.01 i.0( im IJO! 13K T « 1.01 1.0: i.K 1.01 1.03 I.K
m PeakH r 14:% " i t o : 17: i>: 15:01 14:01 li:C< :5 0i 14:0: 16.4X 14HH 14:0 16% 12:0! l î :« 12%
Seamtairct 1.076 I.C ■'( t-O/! 1.676 I.C'i i.o-i 1.02! 1- C-Î 1.0 i r a t.C2s i.ra ■“Tbs U25 1.329 l.Oli 1.0
OaityFct 0.95: 0?:i 095! o.snc C94I o W 09J! 0.93 ! 0,939 0.921 o j ; ; 03Î2C ■ O'fg; 6 m 9.933 1.09! 1.09! 1.098
AibFrt 0:iCC 0.56! OJK O.MO...T!.'5D! ft:SCt 0.50! OJO! OJOC 0:53: 0.50! 0.5% ' 0531 0.5ft C.5CI 0.5% 9 5 K 0.5CC
FebeFct j.o:c 1®K 2.0W ■'LOT 2.00, iqgC■"3.M! iQo: XOK ICO! loot 2 3% 2.C0I 2.0(X lOtc 3.0)1 l.CCC 2.0%
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Nevada Department o f Transportation 
Daily Volume from 01/30/2006 thi'ough 02/05/2006
Site Names: 030387.602603. .IR -IS
County; Q aïk
Fimct. Class : Urban Ptincmal Arterial - Interstate 
Location: 6 mi X of the Chevense Av Intch Exit 46
Seasonal Factor Type: 
Daily Factor Type: 
Axle Facts» Type: 
G ro w i Factor Type:
05
05
00UJ
020&2000 OZ'O&IOOO 01W2600 OIOOICOO OlOO'lOOd 0110200* 0111/200*
K n a s N Road 5 N Read S N Read 5 N Reed S X Reed 5 Reed S X
ootao 1.575 5 ; i 14)64
01:01) 371
02:0e S9s J . Î s'sj
03:0*
M :#
Os:**
0 6 #
07:(W .
0S:0*
09:00
19:00
11:00
12:00
13:00
14:00
10:00
1«:00
UÆO
19:00
194)0
20:00
214)0
22:00
23:0 *
Vokme IS l t 1.191
A M  Feali Vet
a M  F a l l  H t
A u r e a k U r
P M tP e e kV e t
P it Peak l  e t
if t lP e a tH r
seanoiialHt 1.029 i.lCs '"i:93S
Ü à ly H t 1.4S6 !.4« 14%
ArleFct fl.'St 0.501 6-5K
PaheFct 2.MC 3.K1I 3.0K
Cierted 03.17, ::04 7 47;UAM ROAD.AABT 1»,1» NEGAADT 37,«S8 roSAABT 4 M « DV03: Pap l o t 2
APPENDIX II
SIMULATION RESULTS
VR = 0.1 and upstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
449.60 449.24 449.96 63.90 63.79 64.00 332 331 332
900.05 899.46 900.64 6332 63.24 63.40 7.11 7.10 7.12
1349.63 1348.90 1350.35 62.46 6239 6233 10.80 10.79 10.82
1799.32 1798.53 1800.12 61.61 61.55 61.67 14.60 14.59 14.62
2249.82 2248.95 2250.70 60.59 60.52 60.65 18.57 18.54 18.59
2699.68 2698.66 2700.69 5938 59.53 59.62 22.66 22.64 2238
3149.15 3147.74 3150.56 58.66 5832 58.71 26.84 2632 2637
3600.73 3599.65 3601.80 57.69 57.65 57.73 31.21 31.18 31.23
3824.07 3822.73 3825.42 57.06 56.97 57.15 33.51 33.46 3337
4009.00 3997.99 4020.01 44.25 41.71 46.79 45.30 44.03 49.87
3976.43 3964.19 3988.66 26.66 26.27 27.05 74.58 73.79 75.63
3951.15 3938.23 3964.07 24.73 24.41 25.05 7938 79.19 80.77
4449.23 4436.12 4462.33 23.84 2333 24.16 93.29 81.91 8335
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
449.67 449.34 450.01 64.00 63.91 64.10 3.51 3.51 332
899.92 899.39 900.46 6337 6339 63.45 7.10 7.09 7.11
1349.13 1348.39 1349.86 6232 62.45 6239 10.79 10.78 10.80
1800.13 1799.29 1800.96 61.58 61.53 61.64 14.62 14.60 14.63
2249.90 2249.02 2250.78 60.57 60.51 60.64 18.57 18.55 18.59
2699.18 2697.99 2700.36 59.57 5933 5932 22.65 22.63 22.67
3148.65 3147.41 3149.89 58.61 58.55 58.67 2636 2333 2639
3599.75 3598.32 3601.18 57.43 57.37 57.50 31.34 31.30 3138
3800.63 3793.67 3807.58 48.17 45.98 50.36 39.45 3837 4238
3760.57 3747.37 3773.78 25.47 24.95 25.98 7333 7236 75.27
3734.27 3722.89 3745.66 2336 2108 2165 79.92 79.23 80.80
3705.00 3694.45 3715.55 2233 2230 22.75 8234 81.65 8195
3691.10 3682.80 3699.40 21.94 21.72 22.17 84.11 83.46 8430
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10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
449.58 449.21 449.94 64.25 64.18 64J2 3.50 3.49 3.50
899.40 898.86 899.94 63.55 63.47 6T63 7.08 7.07 7.09
1349.50 1348.90 1350.10 62.58 62.50 62.66 10.78 10.77 10.80
1800.25 1799.41 1801.09 61.63 61.57 61.69 14.61 14.59 14.62
2249.43 2248.25 2250.60 60.56 60.51 60.62 18.57 18.55 18.59
2699.77 2698.74 2700.81 59.51 59.46 59.56 22.68 22.67 22.70
3149.73 3148.50 3150.95 58.40 58.36 58.45 26.97 26.94 2649
3594.20 3589.52 3598.88 54.82 53.56 56.08 32J8 3206 33.94
3643.35 3633.85 3652.85 41.08 38J8 43J8 44.35 43.24 48.18
3646.30 3633.84 3658.76 30.12 28J6 31.49 60.52 59.17 64.06
3627.13 3615.36 3638.89 26.06 25J2 2&81 6&58 68.47 71.58
3595.45 3583.62 3607.28 24.03 23.64 24.42 74.81 73.95 76.00
3585.15 3571.13 3599.17 23.49 23.05 2T92 76.33 75.41 77.66
20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
449.33 448.91 449.74 64.50 64.40 64.60 348 348 3.49
899.33 898.88 899.77 63.63 63.57 63.70 7.07 7.06 7.07
1349.00 1348.18 1349.82 62.68 62.60 62.75 10.76 10.75 10.77
1799.55 1798.57 1800.53 61.63 61.57 61.70 14.60 14.58 14.62
2250.57 2249.61 2251.54 60.46 60.40 60.51 18.61 18.60 1833
2699.55 2698.41 2700.69 59.23 59.17 59.30 2239 22.76 2231
3148.88 3147.51 3150.24 57.72 57.61 5733 27.28 27.23 2733
3237.07 3235.71 3238.44 56.77 56.55 56.99 28.51 2840 2832
332182 3320.48 3327.17 52.42 50.94 53.90 31.70 30.96 3332
3376.30 3366.98 3385.62 40.61 38.41 4232 41.57 40.45 45.23
3351.13 3338.14 3364.11 27.77 2&86 2&67 60.35 59.14 62.70
3357.05 3340.31 3373.79 26.35 25.40 2739 63.71 6233 66.21
3345.00 3328.77 3361.23 24.92 2433 25.50 6732 66.08 6830
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25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
449.65 449.28 450.02 64.62 64.53 64.71 343 3.47 348
899.90 899.48 900.32 63.81 6333 63.90 7.05 7.04 7.06
1349.18 1348.44 1349.91 6Z78 6232 62.84 10.75 10.73 10.76
1799.75 1798.81 1800.69 61.64 61.57 61.70 14.60 14.58 14.62
2249.45 2248.46 2250.44 60.35 60.28 60.42 18.64 18.61 18.66
2700.18 2698.98 2701.37 59.02 58.94 59.10 2238 22.84 22.91
3148.02 3145.81 3150.24 5538 54.66 56.10 28.42 28.08 28.87
3215.82 3207.49 3224.16 45.17 42.66 47.69 35.60 34.54 39.16
3239.68 3227.06 3252.29 3333 31.44 3532 48.60 47.45 52.65
3239.48 3224.69 3254.26 27.49 26.10 2838 58.91 5732 62.11
3207.93 3193.87 3221.98 25.54 24.73 26.35 62.80 61.61 65.06
3191.35 3175.71 3206.99 24.32 23.54 25.11 65.60 64.44 67.87
3188.73 3173.76 3203.69 24.11 2338 2435 66.12 64.99 6832
VR = 0.2 upstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
39938 39831 399.94 63.95 6338 64.02 3T2 3.12 3.13
799.40 798.84 799.96 63.42 63.35 63.49 6.30 6.29 6.31
1199.22 1198.64 1199.81 62.81 62.75 62.88 9.55 9.54 9.56
1599.40 1598.69 1600.11 61.95 61.90 62.01 12.91 12.90 12.92
1999.47 1998.61 2000.34 61.13 61.06 61.19 16.36 16.34 16.38
2401.18 2400.25 2402.10 60.26 60.21 60.31 19.92 19.90 19.94
2798.90 2797.77 2800.03 59.44 59.38 59.49 2335 2332 2337
3200.07 3198.74 3201.41 58.56 58.51 58.62 2732 2739 27.35
3399.32 3398.06 3400.59 58.01 57.95 58.08 2930 2936 2933
3553.93 3542.97 3564.88 42.97 40.13 45.81 41.36 40.31 46.24
3489.57 3477.85 3501.30 2&29 19.84 20.74 85.98 84.73 8T92
3428.05 3417.47 3438.63 17.38 17.15 17.62 9830 97.63 9936
3387.48 3374.46 3400.49 16J3 16.06 16.40 104.38 103.65 105.26
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5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
39937 398.92 399.63 64.08 63.97 64.19 3.12 3.11 3.12
799.65 799.13 800.17 63.56 63.48 63.64 6.29 6.28 6.30
1199.80 1199.18 1200.42 62.87 62.79 62.96 9.54 9.53 9.55
1599.22 1598.38 1600.07 61.99 61.92 62.06 12.90 12.88 12.92
1999.93 1998.86 2000.99 61.11 61.05 61.16 16.36 16.35 16.38
2400.27 2399.15 2401.40 60.25 60.19 60.31 19.92 19.90 19.94
2798.73 2797.65 2799.80 59.34 59.28 59.39 2 3 j8 2156 23.61
3199.45 3198.03 3200.87 5830 58.22 58.38 27.44 27.40 27.48
3364.02 3354.90 3373.15 45.21 42.39 48.03 37.20 36.21 41.35
3304.18 3293.83 3314.52 19.40 18.93 19.88 85.14 8185 87.27
3247.48 3237.67 3257.28 16.56 16.36 16.76 98.05 97.17 99.17
3201.88 3192.90 3210.85 15.63 15.47 15.80 102.40 101.57 103.43
3161.23 3151.23 3171.22 14.85 14.75 14.94 106.46 105.95 107.02
10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
399.27 398.95 399.60 64.14 64.03 64.26 3.11 3.11 3.12
799.50 799.04 799.96 63.65 63.57 63J2 &28 6.27 639
1199.57 1198.91 1200.24 62.91 62.85 6298 9^3 9.52 9.54
1599.68 1598.96 1600.39 62.06 62.00 62.13 12.89 12.87 12.90
1999.03 1998.12 1999.93 61.18 61.12 61.23 16.34 1632 16.35
2399.98 2398.74 2401.21 60.17 60.10 60.24 19.94 19.92 19.97
2798.90 2797.76 2800.04 59.24 59.18 59.30 23.62 23.60 23.65
3194.30 3190.58 3198.02 54.72 53.04 56.41 29.19 28.40 30.66
3228.52 3220.08 3236.96 40.47 3T88 43.06 3 9 j# 38.91 44.18
3208.30 3197.45 3219.15 24.52 23.07 25.98 65.41 64.14 70.25
3162.77 3149.73 3175.82 19.12 18.58 19.66 82.70 81.35 85.11
3143.55 3134.09 3153.01 17.31 17.05 17.58 90.79 89.77 92.18
3120.63 3112.44 3128.81 16.57 16.34 16.81 94.14 93.11 95.51
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20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
399.05 398.64 399.46 64.50 64.39 64.60 3.09 3.09 3.10
799.05 798.59 799.51 63.78 63.70 6336 636 636 6.27
1199.43 1198.78 1200.07 63.05 62.97 63.12 9.51 9.50 933
1598.72 1597.92 1599.53 62.12 62.04 62.20 12.87 12.85 12.88
1999.57 1998.55 2000.60 61.14 61.08 61.19 16.35 16.34 16.37
2400.23 2399.12 2401.33 60.02 5936 60.09 19.99 19.97 20.02
2798.63 2797.49 2799.76 58.88 58.81 5836 23.76 23.73 23.80
2879.05 2877.46 2880.64 58.37 5833 58.50 24.66 24.61 24.72
2950.68 2945.22 295643 54.72 52.90 56.54 2636 26.21 28.45
2962.40 2949.78 2975.02 35.04 31.82 38.26 42.27 41.83 49.44
2930.07 2915.71 2944.44 21.72 20.30 2343 67.47 66.29 72.53
2898.25 2884.84 2911.66 17.85 17.46 18.24 81.18 80.00 83.01
2872.20 2858.31 2886.09 16.53 16.19 16.87 86.89 85.74 8832
25% trucks
Discharge (vph) S]Deed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
399.30 39833 399.67 64.70 64.60 64.81 3.09 3.08 3.09
799.28 798.81 799.74 64.00 6332 64.09 6.24 6.24 6.25
1199.63 1199.09 1200.16 63.16 63.10 6333 9.50 9.49 9.51
1598.38 1597.47 1599.28 62.09 62.02 62.16 12.87 12.86 12.89
1999.47 1998.48 2000.47 61.04 60.97 61.11 16.38 16.36 16.40
239935 2399.00 2400.90 59.94 59.87 60.00 20.02 20.00 20.04
2795.93 2792.20 2799.65 56.83 5533 58.33 24.60 23.91 25.78
2837.95 2826.34 2849.56 41.36 37.35 45.37 34.31 34.08 41.86
2803.45 2789.79 2817.11 24.27 22.00 2635 57.74 57.31 65.40
2780.77 2768.23 2793.32 18.41 17.92 18.91 75.51 74.25 77.69
2750.77 2738.31 2763.24 16.42 16.07 16.77 83.77 8238 85.60
2720.90 2708.44 2733.36 15.38 15.11 15.66 88.43 87.31 90.02
2686.50 2674.48 2698.52 14.59 14.40 14.77 92.08 91.25 93.14
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VR = 0.3 upstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
349.45 349.17 349.73 6T99 63.89 64.09 2.73 2.73 2.74
699.60 699.16 700.04 63.58 63.50 63.67 5.50 5.49 5.51
1049.05 1048.53 1049.57 63.05 62.99 63.11 832 8.31 833
1399.03 1398.43 1399.62 6239 62.32 62.46 11.21 11.20 11.22
1748.72 1747.94 1749.51 61.67 61.62 61.73 14.18 14.16 14.19
2100.60 2099.77 2101.43 60.95 60.89 61.00 17.23 17.22 17.25
2449.00 2447.91 2450.09 60.19 60.13 60.25 20.34 20.33 2036
2799.65 2798.32 2800.98 59.37 59.31 59.42 23.58 23.55 23.61
2974.27 2973.03 2975.52 5833 58.85 59.01 25.24 25.20 25.27
3083.77 3069.98 3097.57 40.64 37.07 44.22 37.94 37.37 45.16
2971.38 2960.17 2982.58 15.96 15.44 16.48 93.08 91.37 96.43
2876.05 2868.07 2884.03 12.72 12.54 12.90 113.03 111.91 114.51
2798.38 2789.95 2806.80 11.44 11.28 11.60 122.28 121.09 123.85
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
350.00 349.69 350.31 64.12 64.01 64.24 Z73 2.72 2 J3
69938 698.85 699.70 63.68 63.60 63.76 5.49 5.48 5.50
1049.38 1048.61 1050.14 63.16 63.07 63.24 8.31 8.30 832
1399.55 1398.64 1400.46 62.48 62.41 62.54 11.20 11.19 11.21
1748.72 1748.03 1749.42 61.65 61.58 61.73 14.18 14.16 14.20
2100.40 2099.68 2101.12 60.94 60.87 61.01 17.23 17.21 17.25
2449.68 2448.71 2450.64 60.07 60.01 60.14 20.39 20.37 20.41
2800.18 2799.03 2801.32 59.28 59.22 59.33 23 23.60 23.64
2943.98 2933.93 2954.02 48.23 44.96 51.49 30.52 29.63 35.00
2784.25 2769.61 2798.89 14.48 14.05 14.90 96.17 94.54 99.13
2686.63 2675.26 2697.99 11.80 11.61 11.98 113.87 112.72 115.44
2582.65 2570.79 2594.51 10.39 10.23 10.56 124.25 122.99 125.96
2490.32 2478.64 2502.01 9.56 9.43 9.68 130.30 129.23 131.67
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10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
349.70 349.37 350.03 64.40 64.29 64.51 2.72 2.71 2.72
699.42 698.98 699.87 6176 63.66 63.86 5.48 5.48 5.49
1049.45 1049.01 1049.89 63.27 63.20 63.34 8.29 &28 8.30
1399.30 1398.41 1400.19 6Z47 62.40 62.55 11.20 11.18 11.21
1748.40 1747.53 1749.27 61.67 61.60 61.75 14.17 14.16 14.19
2100.55 2099.72 2101.38 60.93 60.88 60.99 17.24 17.22 17.25
2449.85 2448.93 2450.77 60.07 60.00 60.14 20.39 20.37 20.42
2795.38 2792.03 2798.72 58.09 57.08 59.11 24.06 23.58 24.75
2795.85 2778.32 2813.38 3 9 j3 35.47 44.19 35.10 35.27 45.38
2708.98 2688.84 2729.11 19.08 16.91 21.26 70.98 71.11 80.21
2639.30 2624.08 2654.52 14.40 13.93 14.87 91.64 89.99 94.87
2576.85 2562.69 2591.01 12.20 11.91 12.49 105.61 104.22 107.84
2522.07 2506.70 2537.45 11.44 11.19 11.68 110.25 108.84 112.43
20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
349.55 349.21 349.89 64.62 64.50 64.75 2.70 2.70 2.71
699.42 698.98 699.87 63.76 63.66 63.86 5.48 5.48 5.49
1049.45 1049.01 1049.89 6327 63.20 63.34 829 8.28 8.30
1399.30 1398.41 1400.19 62.47 62.40 62.55 11.20 11.18 1121
1748.40 1747.53 1749.27 61.67 61.60 61.75 14.17 14.16 14.19
2100.55 2099.72 2101.38 60.93 60.88 60.99 17.24 17.22 17.25
2449.85 2448.93 2450.77 60.07 60.00 60.14 2029 20.37 20.42
2795.38 2792.03 2798.72 58.09 57.08 59.11 24.06 23.58 24.75
2795.85 2778.32 2813 j 8 39^3 35.47 44.19 35.10 3527 45.38
2708.98 2688.84 2729.11 19.08 16.91 21.26 70.98 71.11 80.21
2639.30 2624.08 2654.52 14.40 13.93 14.87 91.64 89.99 94.87
2576.85 2562.69 2591.01 12.20 11.91 12.49 105.61 104.22 107.84
2522.07 2506.70 2537.45 11.44 11.19 11.68 110.25 108.84 112.43
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20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.l.
349.67 349.34 350.01 64.84 64.68 64.99 2.70 269 2.70
69^28 698.83 699.72 64.15 64.08 64.22 5.45 5.44 5.46
1049.40 1048.76 1050.04 63.46 63.38 63.53 8.27 &26 8.28
1399.28 1398.54 1400.01 62.64 62.55 62.72 11.17 11.15 11.19
1749.10 1748.14 1750.06 61.73 61.65 61.80 14.17 14.15 14.19
2099.02 2097.96 2100.09 60.73 60.66 60.81 17.28 17.26 17.30
2444.65 2439.31 2449.99 58.15 56.78 59.53 21.02 20.54 21.80
2452.35 2431.15 2473.55 41.88 36.79 46.97 2^28 30.02 40.77
2358.43 2340.65 2376.21 17.98 15.72 20.24 65.59 66.03 74.60
2307.20 2291.46 2322.94 13.58 12.90 14.26 84.95 83.42 89.42
2261.48 2248.55 2274.40 12.01 11.70 12.32 94.14 9268 96.60
2235.80 2223.89 2247.71 10.98 10.74 11.22 101.83 100.47 103.95
2170.90 2154.21 2187.59 10.19 9.99 10.38 106.55 105.33 108.30
VR = 0.1 and merging section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.I.
499.90 499.39 500.41 6238 63.29 63.48 2.63 262 2 ^ 2
1000.00 999.21 1000.79 62.59 6252 62.66 5.33 522 523
1499.10 1498.02 1500.18 61.55 61.49 61.61 8.12 8.11 8.13
1999.72 1998.69 2000.76 60.56 60.50 60.62 11.01 10.99 11.02
2498.45 2497.25 2499.65 59J9 59.32 59.47 14.02 14.00 14.04
2999.50 2998.33 3000.67 58.29 58.24 58.34 17.15 17.14 17.17
3498.85 3497.59 3500.11 57.19 57.13 57.24 20.39 20.37 20.42
3999.10 3997.46 4000.74 55.83 55.75 55.90 23.88 23.84 23.91
4248.45 4247.09 4249.81 54.71 54.43 54.98 2289 25.76 26.03
4438.52 4426.77 4450.28 40.13 38.31 41.94 36.87 36.05 39.04
4436.70 4424.01 4449.39 34.08 3257 34.60 43.39 42.92 44.02
4432.60 4418.95 4446.25 3228 3276 33.80 44.39 43.91 45.05
4449.23 4436.48 4461.97 33.46 33.01 33.92 44.32 43.91 44.86
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5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.l. Mean 95% C.I.
499.85 499.35 500.35 63.46 6328 63.54 2.63 2.62 2.63
1000.22 999.40 1001.05 62.57 62.49 62.64 5.33 522 5.34
1498.90 1497.99 1499.81 61.49 61.42 61.55 8.13 8.12 8.14
1999.40 1998.22 2000.58 60.39 60.34 60.45 11.04 11.02 11.05
2498.25 2497.20 2499.30 5928 59.21 5926 14.05 14.03 14.06
2999.55 2998.35 3000.75 58.07 58.01 58.13 17.22 17.20 17.24
3499.43 3498.10 3500.75 56.87 56.81 56.94 20.51 20.49 20.53
3999.15 3997.84 4000.46 54.72 54.52 5493 24.36 24.27 24.46
4209.10 4200.26 4217.94 42.10 40.04 44.15 3323 32.54 35.59
4198.98 4186.89 4211.06 33.15 32.70 3329 4222 41.81 42.76
4197.67 4186.70 4208.65 32.48 32.09 3227 43.08 42.70 43.56
4188.52 4177.91 4199.14 31.96 31.58 3225 43.68 43.28 44.19
4196.73 4187.55 4205.90 32.00 31.65 3226 43.71 43.34 44.18
10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.l. Mean 95% C.l.
499.98 499.37 500.58 63.64 63.57 63.71 262 2.62 262
999.75 998.94 1000.56 6Z 68 62.61 62.76 522 5.31 522
1499.63 1498.70 1500.55 61.45 61.37 61.54 822 822 8.14
1999.40 1998.30 2000.50 6022 60.25 6028 11.05 11.04 11.06
2498.20 2497.01 2499.39 59.07 59.01 59.14 14.10 14.08 14.11
3000.07 2998.82 3001.33 57.80 57.73 57.86 17.30 17.28 17.32
3498.98 3497.44 3500.51 56.30 56.23 56.38 20.71 20.69 20.74
3988.80 3981.83 3995.77 48.91 46.89 50.94 27.18 2629 29.08
4036.95 4026.76 4047.14 3&62 3723 40.02 3424 34.16 36.29
4053.82 4041.74 4065.91 3522 35.05 36.59 37.72 37.18 38.56
4046.70 4035.95 4057.45 34.16 33.51 34.82 3948 3847 40.24
4028.50 4017.70 4039.30 33.30 3293 33.67 40.32 3948 40.75
4030.35 4017.66 4043.04 3321 33.07 33.96 40.09 39.72 40.57
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20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.40 498.97 499.83 63.87 63.77 63.97 2.61 2.60 2.61
1000.10 999.42 1000.78 62.65 6229 6272 522 5.31 5.33
1500.18 1499.44 1500.91 61.38 61.38 61.38 8.15 8.14 8.16
1998.45 1997.37 1999.53 60.06 59.99 60.13 11.09 11.08 11.10
2499.23 2497.90 2500.55 58.62 58.55 5828 14.21 14.20 14.23
2999.68 2998.54 3000.81 57.06 56.97 57.14 17.52 17.50 17.55
3497.82 3495.82 3499.83 54.27 53.93 54.60 21.49 21.36 21.63
3596.60 3593.77 3599.43 50.92 49.81 52.04 23.54 23.11 24.21
3686.13 3680.71 3691.54 45.02 43.57 46.48 2229 26.71 28.43
3744.90 3735.57 3754.23 40.01 38.96 41.05 31.20 30.64 32.15
3732.63 3720.07 3745.18 3523 34.77 35.89 3522 34.79 35.81
3749.90 3733.05 3766.75 35.66 34.95 3626 35.05 34.62 35.70
3751.18 3735.51 3766.84 34.98 34.57 3529 35.75 35.44 3623
25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.42 498.98 499.87 63.98 63.89 64.08 2.60 2.60 2.61
999.72 998.97 1000.48 62.76 62.67 62.84 5.31 5.30 532
1499.85 1498.89 1500.81 61.41 61.34 61.49 8.14 8.13 8.15
1999.13 1998.17 2000.08 59.93 59.87 60.00 11.12 11.11 11.13
2498.27 2497.09 2499.46 5835 58.27 58.43 14.27 14.25 14.29
3000.98 2999.49 3002.46 56.58 56.44 56.72 17.68 17.64 17.73
3494.70 3490.93 3498.47 48.20 46.89 49.51 24.17 23.65 25.07
3563.27 3553.19 3573.36 41.00 39.80 42.19 2847 28.41 29.99
3597.68 3584.56 3610.79 37.51 36.46 3835 31.97 31.44 32.91
3610.30 3596.52 3624.08 36.02 35.17 3636 33.41 3246 34.14
3591.55 3578.03 3605.07 35.21 34.69 35J2 34.00 3336 34.46
3585.13 3569.72 3600.53 34.54 34.07 35.02 34.60 32.14 37.15
3591.13 3577.14 3605.11 34.60 34.19 35.01 34.60 34.30 34.97
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VR = 0.2 Merging section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.I. Mean 95% C.I.
498.67 499.54 497.81 63.17 63.10 63.23 2.63 2.63 2.64
998.97 999.84 998.11 62.37 62.30 62.43 5.34 5.33 5.35
1499.38 1500.19 1498.56 61.50 61.43 61.57 8.13 8.12 8.14
1998.13 1999.16 1997.09 60.40 60.34 60.45 11.03 11.02 11.04
2497.98 2499.26 2496.69 59.33 59.27 59J9 14.03 14.02 14.05
2999.20 3000.35 2998.05 58.15 58.11 58.20 17.19 17.18 17.21
3497.38 3499.15 3495.60 56.92 56.83 57.00 20.48 20.45 20.51
3999.88 4001.17 3998.58 55.29 55.21 55.37 24.11 24.08 24.15
4247.38 4248.91 4245.84 53.88 53.71 54.06 2628 26.19 26.36
4429.27 4441.79 4416.76 35.62 33.98 37.26 41.45 40.59 43.74
4416.38 4427.59 4405.16 29.74 29.40 30.08 49.50 49.11 49.99
4400.10 4409.98 4390.22 29.00 28.70 29.29 50.58 50.21 51.04
4404.40 4416.66 4392.14 28.76 28.46 29.05 51.06 50.70 51.49
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.L Mean 95% C.I.
498.50 497.92 499.08 63.27 63.17 63.37 263 262 263
999.05 998.40 999.70 62.44 62.37 62.51 533 533 5.34
1499.25 1498.50 1500.00 61.47 61.41 61.54 8.13 8.12 8.14
1998.50 1997.39 1999.61 60.30 60.24 60.36 11.05 11.03 11.06
2498.70 2497.67 2499.73 59d2 59.07 59.18 14.09 14.07 14.10
3000.07 2998.90 3001.25 57.82 57.74 57.89 17.30 17.27 17.32
3498.00 3496.72 3499.28 56.35 56.29 56.41 20.69 20.67 20.72
3999.85 3998.22 4001.48 53.67 53.37 53.97 24.84 24.71 24.99
4190.10 4179.62 4200.58 35^6 33.97 37.75 3&95 38.09 41.68
4186.15 4175.59 4196.71 29.13 28.83 29.44 47.90 47.52 48.36
4181.85 4172.62 4191.08 28.46 2&24 28.67 4&98 48.69 4932
4177.15 4168.25 4186.05 28.09 27.93 2&24 49.57 49.35 49.82
4180.08 4170.53 4189.62 27.83 27.68 27.97 50.07 49.85 50.31
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10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
498.55 499.23 497.87 6339 63.18 63.41 263 262 263
998.97 999.77 998.18 62.48 62.40 62.56 533 532 5.34
1499.63 1500.31 1498.94 61.40 61.35 61.46 8.14 11.02 11.04
1998.70 1999.75 1997.65 60.20 60.15 60.26 11.07 11.06 11.08
2498.73 2500.12 2497.33 59.00 58.95 59.05 14.12 14.10 14.13
2999.25 3000.47 2998.03 57.46 57.37 57.54 17.40 17.37 17.43
3498.45 3499.69 3497.21 55.54 55.44 55.64 21.00 20.96 21.04
3984.50 3991.47 3977.53 44.05 41.77 46.32 30.15 29.31 32.75
4024.43 4033.23 4015.62 3362 32.57 34.66 39.90 39.16 41.31
4031.07 4041.70 4020.45 30.74 30.10 31.39 43.71 43.11 44.62
4007.90 4019.54 3996.26 29.65 29.32 29.98 45.06 44.68 45.53
4017.50 4026.76 4008.24 29.18 29.04 2933 45.89 45.70 46.09
4013.75 4022.51 4004.99 28.83 28.66 29.01 46.40 46.17 46.66
20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
498.52 499.15 497.90 63.58 63.49 6268 2.61 2.61 2.62
999.10 999.84 998J6 62.46 62.39 62.54 5.33 532 5.34
1499.47 1500.38 1498.57 61.30 61.24 61.37 8.15 8.14 8.16
1997.90 1998.93 1996.87 59.94 59.86 60.02 11.11 11.09 11.13
2499.52 2500.75 2498.30 58.43 58.35 5252 14.26 14.24 14.28
2999.93 3001.26 2998.59 56.49 56.40 5 6 j# 17.70 17.67 17.73
3498.07 3500.40 3495.75 53.28 52.98 53.59 21.88 21.76 2 2 0 2
3597.95 3600.58 3595.32 49.80 48.81 50.80 24.08 23.68 24.68
3678.73 3686.30 3671.15 4238 40.50 44.26 28.94 28.17 30.90
3702.32 3715.69 3688.96 33^3 32.07 35.19 36.70 36.00 38.57
3693.05 3706.68 3679.42 30.80 30.17 31.43 3946 39.45 40.74
3686.50 3699.65 3673.35 29.41 29.19 2263 41.78 41.53 42.06
3682.10 3694.68 3669.52 29.02 28.79 2925 42.30 42.07 42.55
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25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.13 498.50 499.75 6173 63.65 63.82 2.61 2.61 2.61
999.08 998.28 999.87 62.63 62.55 62.71 5.32 5.31 543
1499.93 1498.99 1500.86 61.33 61.26 61.40 8.15 8.14 8.16
1997.65 1996.65 1998.65 59.77 59.70 59.84 11.14 11.13 11.16
2499.13 2498.14 2500.11 58.06 57.99 58.13 14.35 14.33 14.36
2999.73 2998.16 3001.29 5548 55.83 56.12 17.86 17.82 17.91
3489.93 3483.98 3495.87 45.45 43.66 47.25 25.59 24.89 27.21
3541.48 3529.38 3553.57 35.53 33.48 37.58 3342 32.53 3548
3527.10 3513.89 3540.31 30.77 29.95 31.58 38.21 37.63 39.20
3527.10 3515.37 3538.83 29.34 29.07 29.61 40.07 39.79 40.41
3524.02 3511.89 3536.16 28.85 28.63 29.07 40.72 40.49 40.98
3513.18 3501.20 3525.15 2846 28.16 28.56 41.30 41.09 41.53
3502.18 3490.18 3514.17 27.94 27.79 2848 41.78 41.62 41.97
VR = 0.3 Merging Section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.L Mean 95% C.I.
499.50 499.01 499.99 62.94 62.86 63.02 265 2.64 265
999.17 998.57 999.78 62.18 62.10 62.26 5^6 5.35 5 J6
1499.03 1498.24 1499.81 61.22 61.17 61.27 8.16 8.15 8.17
1999.28 1998.43 2000.12 60.19 60.13 60.25 11.07 11.06 11.08
2498.40 2497.05 2499.75 59.15 59.09 59.20 14.08 14.07 14.10
2997.85 2996.64 2999.06 58.01 57.95 58.07 17.23 17.21 17.24
3498.50 3497.05 3499.95 56.67 56.62 56.73 20.58 20.56 20.60
3998.35 3996.86 3999.84 54.87 54.79 54.94 24.29 24.26 24J2
4248.55 4246.97 4250.13 52.97 52.63 53.31 26.74 26.57 26.93
4404.27 4388.66 4419.89 32.79 30.94 34.64 44.78 43.88 47.90
4362.08 4352.37 4371.78 26.10 25.79 26.41 55.71 55.23 56.31
4337.15 4329.70 4344.60 25.06 24.91 25.22 57.68 57.42 57.98
4323.77 4315.99 4331.56 24.27 24.12 24.42 59.38 59.12 59.67
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5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.l.
m i l 498.77 499.78 63.01 62.91 63.10 2.64 2.64 2.65
998.85 998.05 999.65 62.21 62.15 62.28 5.35 5.34 5.36
1499.13 1498.36 1499.89 61.21 61.14 61.29 8.16 8.15 8.17
1999.82 1998.94 2000.71 60.12 60.06 60.18 11.09 11.07 11.10
2498.40 2497.37 2499.43 58.91 58.85 58.97 14.14 14.12 14.15
2999.52 2998.14 3000.91 57.62 57.56 57.69 17.35 17.33 17.37
3498.68 3497.29 3500.06 55.93 55.85 56.01 2&8S 20.82 2&88
3999.13 3997.31 4000.94 53.18 52.95 53.41 25.07 24.96 25.18
4187.98 4175.85 4200.10 35.05 32.79 37.30 3&83 39.00 43.54
4113.77 4099.99 4127.56 24.96 24.66 25.25 54.95 54.51 55.50
4090.65 4079.78 4101.52 23.47 23.27 23.68 58.10 57.75 58.51
4042.52 4031.44 4053.61 21.76 21.50 22.03 61.92 61.37 62.62
4004.70 3992.27 4017.13 19.35 18.94 19.75 69.00 67.99 70.56
10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.I.
499.00 498.56 499.44 63.19 63.10 63.29 2.63 263 2.64
999.20 998.48 999.92 62.20 62.11 62.29 5.35 5.35 5.36
1499.15 1498.41 1499.89 61.19 61.13 61.26 8.17 8.16 8.18
1999.90 1998.79 2001.01 59.99 59.92 60.06 11.11 11.10 11.13
2498.05 2497.20 2498.90 5&68 58.60 58.75 14.19 14.17 14.21
3000.25 2998.81 3001.69 57.19 57.12 57.27 17.49 17.46 17.51
3499.52 3497.72 3501.33 55.21 55.09 55.34 21.13 21.08 21.18
3991.07 3984.73 3997.42 45.78 44.23 47.33 29.06 28.31 30.56
3996.75 3978.43 4015.07 31.65 29.75 33.56 42.09 41.27 45.30
3943.25 3924.85 3961.65 25.95 25.04 2 6 j# 50.65 49.86 52.29
3908.32 3893.81 3922.84 24.06 23.72 24J9 54.15 53.65 54.82
3883.85 3870.16 3897.54 22.87 22.50 23.24 56.61 55.98 57.47
3855.23 3840.58 3869.87 21.60 21.21 21.99 59.49 58.74 60.58
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20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.l.
499.52 499.03 500.02 6136 63.27 63.46 2.63 262 263
999.38 998.81 999.94 6237 62.29 62.45 5.34 5.33 5.35
1499.00 1498.13 1499.87 61.14 61.08 61.20 8.17 816 818
1999.50 1998.57 2000.43 59.72 59.64 59.80 11.16 11.14 11.18
2498.68 2497.40 2499.95 58.13 58.03 58.22 14.33 14.30 14.35
3000.60 2999.35 3001.85 56.06 55.94 56.18 17.84 17.81 17.88
3498.90 3496.99 3500.81 52.35 52.00 52.71 22.28 22.14 22.44
3596.95 3591.06 3602.84 48.25 46.79 49.70 2 4 j# 24.15 26.15
3670.68 3656.70 3684.65 41.07 38.60 43.54 29.79 28.97 33.05
3606.57 3588.46 3624.69 26.08 25.02 27.13 46.10 45.27 48.04
3575.43 3557.54 3593.31 23.06 22.44 23.68 51.68 50.87 53.08
3547.93 3534.32 3561.53 21.02 20.54 21.51 56J5 55.37 57.66
3520.98 3509.86 3532.09 18.96 18.52 19.40 61.90 60.96 63.41
25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.75 499.26 500.24 63.51 63.40 63.61 Z62 Z62 Z63
99&88 99&28 999.47 62.37 62.29 62.45 5.34 533 5.35
1499.75 1498.97 1500.53 61.05 60.99 61.11 8.19 8.18 8.20
1998.97 1998.09 1999.86 59.59 59.52 59.67 11.18 11.17 11.20
2500.00 2498.92 2501.08 57.79 57.70 57.88 14.42 14.40 14.44
2999.88 2998.41 3001.34 55.37 55.21 55.53 18.06 18.01 18.12
3491.88 3482.86 3500.89 44.36 42.37 46.34 26.24 25.41 28.40
3505.85 3481.86 3529.84 32.77 30.05 35.50 35.66 35.17 40.60
3437.40 3419.85 3454.95 23.51 22.45 24.56 48.75 47.98 50.69
341275 3397.59 3427.91 2&68 20.11 21.25 55.01 54.11 56.57
3393.30 3378.47 3408.13 18.96 18.49 19.44 59.65 58.68 61.26
3397.88 3385.72 3410.03 17.83 17.47 18.20 63.51 62.60 64.89
3349.85 3331.26 3368.44 15.88 15.40 16.36 70.30 69.07 72.58
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VR = 0.1 Downstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.70 499.27 500.13 63.74 63.64 6333 292 3.91 293
999.90 999.35 1000.45 6282 62.75 62.90 7.96 7.95 7.97
1499.82 1499.08 1500.57 61.67 61.59 61.74 12.16 12.14 12.18
1999.22 1998.16 2000.29 60.60 60.54 60.66 16.50 16.48 16.51
2498.88 2497.90 2499.85 59.41 59.33 59.49 21.03 21.00 21.06
3000.10 2998.68 3001.52 58.31 58.25 5836 25.73 25.70 25.75
3498.52 3497.04 3500.01 57.36 57.30 57.42 30.50 30.46 30.53
3999.50 3997.92 4001.08 56.37 56.31 56.43 35.47 35.43 35.52
4247.90 4245.98 4249.82 5536 54.95 55.77 3837 38.07 38.70
4437.77 4426.32 4449.23 51.68 50.87 5249 42.94 42.41 43.65
4436.75 4424.58 4448.92 51.77 50.86 5268 42.85 4227 43.68
4432.10 4418.92 4445.29 5038 49.87 51.90 43.55 42.89 44.54
4448.60 4436.10 4461.10 51.09 50.09 52.10 43.53 42.85 44.55
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.65 499.20 500.10 63.77 63.68 6185 342 3.91 342
999.38 998.66 1000.09 62.78 62.69 62^7 7.96 7.95 7.97
1499.00 1498.15 1499.85 61.57 61.49 61.64 12.17 12.16 12.19
1999.93 1998.87 2000.98 60.39 60.33 60.45 16.56 16.54 16.58
2499.70 2498.26 2501.14 5&26 59.18 5134 21.09 21.06 21.12
3001.45 2999.98 3002.92 58.08 58.02 58.15 25.84 25.81 25.87
3499.38 3497.77 3500.98 57.05 56.98 57.12 30.67 30.63 30.71
3998.45 3996.59 4000.31 54.81 54.42 55.20 36.48 3623 3646
4204.88 4195.40 4214.35 48.77 47.55 49.99 43.11 42.35 44.37
4194.95 4182.32 4207.58 45.82 45.20 46.43 45.78 45.27 46.44
4194.70 4183.51 4205.89 45.90 45.13 46.66 45.69 45.06 46.58
4187.15 4176.69 4197.61 45.45 44.60 46.30 46.06 45.40 47.03
4194.13 4184.81 4203.44 45.87 45.08 46.66 45.72 45.10 46.59
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10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.I.
499.63 499.17 500.08 6193 61^5 64.00 3.91 3.90 3.91
998.95 998.23 999.67 6184 62.76 62.92 7.95 7.94 7.96
1499.03 1498.19 1499.86 61.50 61.41 61.58 12.19 12.17 12.21
2000.15 1999.20 2001.10 60.34 60.26 60.41 16.57 16.55 16.60
2499.00 2497.84 2500.16 59.08 59.01 59.14 21.15 21.12 21.18
3001.15 2999.78 3002.52 57.84 57.77 57.91 25.94 25.91 2198
3500.23 3498.76 3501.69 56.50 56.40 56.59 3 0 j# 3&92 31.03
3986.68 3978.89 3994.46 50.58 49.46 51.70 39.41 3872 40.49
4035.45 4024.41 4046.49 47.50 46.83 48.17 42.48 41.98 43.14
4052.95 4040.93 4064.96 46.92 46.25 47.60 43.19 42.70 4183
4042.82 4032.00 4053.65 45.97 44.91 47.02 43.98 43.17 45.26
4027.82 4017.07 4038.58 46.13 45.51 46.76 43.65 43.15 44.32
4028.02 4015.65 4040.40 46.45 45.80 47.10 4136 42.83 44.06
20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
499.58 499.10 500.05 64.09 6198 64.21 3.90 3 89 3.90
999.88 999.13 1000.62 62.71 62.63 6178 7.97 7.96 7.98
1500.00J 1499.29 1500.71 61.33 61.33 61.33 12.23 12.21 12.25
1998.95 1997.80 2000.10 5196 59.87 60.05 16.67 16.64 16.70
2499.75 2498.74 2500.76 58.51 58.44 58.59 21.36 2133 21.39
3000.55 2998.99 3002.11 56.90 56.76 57.05 26.37 26.30 2143
3498.65 3495.69 3501.61 53.54 53.01 54.07 32.67 32^7 33.05
3596.70 3593.55 3599.85 50.36 49.27 51.45 35.71 3109 36.68
368188 3680.58 3693.17 49.07 48.12 50.01 37.57 3198 3145
3742.25 3732.95 3751.55 48.11 47.35 48.87 3189 38.40 3156
3732.32 3720.34 3744.31 46.73 45.84 47.63 39^6 39.26 40.92
3748.07 3730.48 3765.67 48.00 47.45 48.55 39.04 38.68 39.50
3748.13 3732.59 3763.66 47.02 46.46 47.59 39^6 3138 40.46
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25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.I. Mean 95% C.L
499.80 499.38 500.22 0.10 64.33 64 64.12 3 j# 188
999.50 998.71 1000.29 0.09 62.88 62.80 62.71 7.96 7.95
1499.95 1499.17 1500.73 0.07 61.39 61.31 61.24 12.23 12.22
1999.35 1998.18 2000.52 0.07 59.79 5172 59.65 16.74 16.72
2497.77 2496.35 2499.20 0.09 58.23 58.14 58.05 21.48 21.45
3000.63 2998.89 3002.36 0.24 56.25 56.01 55.78 26J8 26.67
3494.48 3489.85 3499.10 0.62 50.78 50.16 49.53 34.84 34.47
3563.52 3553.85 3573.20 0.77 48.58 47.82 47.05 37.26 36.77
3593.95 3580.20 3607.70 0.76 48.14 47.38 46.61 37.93 37.43
3608.80 3594.54 3623.06 0.63 47.93 47.31 46.68 38.14 37.68
3591.52 3578.07 3604.98 0.61 48.03 47.42 46.81 37.87 37.44
3587.80 3572.50 3603.10 0.67 48.00 47.34 46.67 37.90 37.35
3591.30 3578.01 3604.59 0.58 47.67 47.09 46.52 38.13 3168
VR = 0.2 Downstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.L Mean 95% C.I. Mean 95% C.I.
498.85 498.17 499.53 63.75 63.68 6282 3.91 3.91 3.92
999.15 998.47 999.83 6282 6275 6289 7.95 7.94 7.96
1500.20 1499.29 1501.11 61.81 61.74 61.88 12.14 12.12 12.15
1998.25 1997.15 1999.35 60.63 60.57 60.69 16.48 16.46 16.50
2501.02 2499.60 2502.45 59.58 59.53 59.64 20.99 20.97 21.01
2998.95 2997.76 3000.14 58.55 58.50 58.60 25.61 2259 25.64
3497.90 3496.48 3499.32 57.60 57.53 57.67 30.36 30.32 30.40
4001.13 3999.24 4003.01 56.56 56.50 56.62 35.37 3233 35.41
4247.20 4245.88 4248.52 55.87 55.64 56.10 38.01 37^5 38.18
4430.27 4418.08 4442.47 53.21 52.54 5289 41.63 41.21 42.16
4417.17 4405.51 4428.84 52.20 5L23 53.16 42.31 41.70 43.21
4400.10 4389.94 4410.26 51.97 50.95 5299 42.34 41.69 43.29
4405.30 4393.25 4417.35 52.59 51.70 5248 41.89 41.33 42.66
101
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.I.
498.65 498.19 499.11 63.86 63.75 6296 3.90 3.90 3.91
998.85 998.23 999.47 62.83 62.75 62.92 7.95 7.94 7.96
1500.50 1499.65 1501.35 61.76 61.70 61.83 12.15 12.13 12.16
1997.82 1996.89 1998.76 60.55 60.49 60.62 16.50 16.48 16.51
2499.55 2498.08 2501.02 59.43 59.37 59.49 21.03 21.01 21.06
2999.88 2998.55 3001.20 58.31 58.23 5238 25.72 25.69 25.76
3497.75 3496.51 3498.99 57.19 57.12 57.25 30.58 30.55 30.62
3997.68 3995.58 3999.77 55.07 54.67 55.48 3229 36.04 36.59
4187.23 4176.53 4197.92 47.68 46.85 4252 43.91 43.32 44.74
4184.90 4173.87 4195.93 46.69 45.87 47.51 44.82 44.18 45.72
4181.25 4171.91 4190.59 46.73 45.98 47.49 44.73 44.14 45.55
4177.17 4167.54 4186.80 47.00 46.25 47.75 44.44 43.83 45.26
4179.75 4170.72 4188.78 47.22 46.43 48.02 44.26 43.61 45.15
10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.L Mean 95% C.L
498.67 498.141 499.21 6&87 63.75 6348 3.90 3.90 3.91
999.00 998.25 999.75 62.84 62.75 62.94 7.95 7.93 7.96
1499.68 1498.62 1500.73 61.64 61.58 61.70 12.16 12.15 12.18
1998.18 1996.83 1999.52 60.43 60.37 60.49 16.53 16.52 16.55
2499.55 2498.30 2500.80 5933 59.27 5939 21.06 21.04 21.09
2999.23 2997.94 3000.51 58.00 57.93 58.06 2536 2533 2538
3498.02 3496.53 3499.52 56.61 56.50 56.72 30.90 30.84 30.96
3982.32 3975.12 3989.53 50.07 48.95 51.19 39.77 39.05 40.90
4022.50 4013.86 4031.14 48.41 47.58 49.24 41.55 40.92 42.43
4030.38 4019.67 4041.08 47.29 46.52 48.06 42.61 42.04 43.41
4006.60 3995.51 4017.69 48.11 47.42 4830 41.64 41.10 42.35
4018.48 4009.56 4027.39 48.44 47.87 49.01 41.48 41.04 42.04
4012.90 4004.33 4021.47 47.84 47.13 48.56 41.94 41.41 42.65
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20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.l. Mean 95% C.I.
498.42 497.98 498.87 64.14 64.03 64.25 339 338 339
999.08 998.36 999.79 62.81 62.73 6Z89 7.95 7.94 7.96
1499.32 1498.44 1500.21 61.51 61.43 61.59 12.19 12.17 12.21
1998.00 1996.84 1999.16 60.14 60.05 60.22 16.61 16.58 16.64
2499.63 2498.28 2500.97 58.68 58.60 58.77 21.30 21.26 21.33
2999.45 2997.72 3001.18 56.98 5&89 57.08 2632 26.27 2637
3497.45 3495.37 3499.53 53.26 52.77 53.75 3233 32.55 33.17
3595.40 3591.73 3599.07 50.46 49.56 51.35 35^3 35.09 36.41
3676.95 3669.52 3684.38 48.82 48.02 49.63 37.66 37.13 3838
3702.23 3689.38 3715.07 48.94 4838 49.50 3732 37.44 3830
3693.05 3679.96 3706.14 48.61 48.11 49.11 37.99 37.61 38.47
3686.50 3673.63 3699.37 48.96 48.55 49.37 37.65 37.31 38.06
3682.10 3669.36 3694.84 49.07 48.72 49.42 37.52 37.27 37.85
25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.I. Mean 95% C J.
498.77 498.23 499.32 64.30 64.20 64.39 188 3^7 329
998.70 998.08 999.32 62.95 6Z85 63.04 7.93 T92 7.95
1499.63 1498.50 1500.75 61.47 61.40 61.54 12.20 12.18 1222
1997.03 1995.85 1998.20 59.87 59.77 59.96 16.68 16.65 16.71
2499.45 2498.17 2500.73 58.18 58.10 5826 21.48 21.45 21.51
2999.32 2997.94 3000.71 56.26 56.10 56.41 26.66 26.59 2673
3488.10 3481.42 3494.78 48.72 47.97 49.48 35.79 3522 36.44
3541.18 3529.16 3553.19 48.33 47.73 48.94 3663 3621 37.18
3528.00 3515.39 3540.61 48.61 48.09 49.12 3629 35.91 36.76
3527.45 3515.43 3539.47 48.44 47.89 48.99 36.41 36.01 36.91
3525.65 3513.77 3537.53 48.40 47.95 48.84 36.42 36.11 3620
3515.50 3503.30 3527.70 48.51 48.05 48.97 36.23 3529 36.65
3503.93 3492.11 3515.74 49.11 4&76 49.47 35.67 35.40 3522
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VR = 0.3 downstream section
0% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.l. Mean 95% C.I. Mean 95% C.L
499.45 498.87 500.03 63.77 6368 6326 192 3.91 192
999.28 998.51 1000.04 62.86 6228 62.94 7.95 7.94 7.96
1499.35 1498.47 1500.23 61.81 61.75 61.87 12.13 12.12 12.14
1999.72 1998.68 2000.77 60.73 60.66 60.79 16.46 16.45 16.48
2498.40 2497.35 2499.45 59.69 59.63 59.75 2693 20.91 20.95
2999.18 2997.51 3000.84 5869 5863 58.75 25.55 2152 2568
3499.48 3498.00 3500.95 57.73 57.68 57.79 30.31 30.28 30.33
3999.10 3997.61 4000.59 56.84 56.79 56.89 35.18 3114 35.21
4246.25 4244.55 4247.95 56.01 55.74 5628 37.90 37.73 38.10
4404.80 4389.31 4420.29 53.21 5233 54.08 41.39 40.84 42.15
4363.95 4354.23 4373.67 54.11 53.25 54.97 40.32 3929 41.06
4338.08 4330.51 4345.64 54.83 5323 55.83 39.56 38.91 40.49
4326.23 4318.06 4334.39 55.48 54.80 56.17 3829 3865 39.54
5% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.L Mean 95% C.L
499.35 498.93 499.77 6183 63.74 6193 3.91 3.90 3.92
998.85 998.12 999.58 62.89 62.82 62.96 7.94 7.93 7.95
1499.22 1498.30 1500.15 61.79 61.71 61.87 12.13 12.12 12.15
1999.28 1998.28 2000.27 60.65 60.57 60.72 16.48 16.46 16.50
2499.10 2498.04 2500.16 59.53 59.47 5968 20.99 20.97 21.01
3000.23 2999.09 3001.36 58.49 58.41 58.56 25.65 25.61 2168
3499.52 3498.09 3500.96 57.34 57.28 57.40 30.52 30.48 30.55
3998.18 3995.88 4000.47 55.07 54.64 55.49 3660 36.04 36.61
4187.73 4175.85 4199.60 48.46 47.45 49.48 43.21 42.50 44.28
411113 4101.22 4129.03 49.20 48.60 49.81 41.82 41.30 42.47
4093.15 4082.01 4104.29 49.50 4180 50.20 41.34 40.80 42.07
4044.15 4033.12 4055.18 51.09 50.58 51.60 3968 39.21 40.03
4004.20 3991.48 4016.92 51.33 50.94 51.72 39.00 3169 3966
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10% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.L Mean 95% C.L Mean 95% C.L
499.23 498.75 499.70 64.05 63.94 64.16 3.90 369 3.90
998.70 998.00 999.40 6266 62.77 62.95 7.94 7.93 7.96
1499.43 1498.53 1500.32 61.77 61.69 61.85 12.14 12.12 12.15
1999.40 1998.40 2000.40 60.55 60.47 60.62 16.51 16.49 16.53
2498.85 2497.82 2499.88 59.40 5963 59.47 21.03 21.01 21.06
2998.75 2997.14 3000.36 5118 5112 58.24 25.77 25.74 25.80
3501.23 3499.92 3502.53 56.72 56.61 56.82 30.87 30.81 30.92
3990.90 3984.29 3997.51 50.70 49.90 51.50 3966 3180 40.13
3997.52 3979.56 4015.49 49.07 48.42 49.72 40.73 40.20 41.41
3945.85 3927.00 3964.70 49.76 49.29 50.22 39.65 39.30 40.07
3909.60 3895.45 3923.75 49.94 49.42 50.46 39.14 38.70 39.69
3885.45 3871.64 3899.26 50.30 49.85 50.74 3163 3865 39.07
3856.80 3842.48 3871.12 50.71 50.31 51.11 38.03 37.70 38.40
20% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.L Mean 95% C.L Mean 95% C.L
499.40 498.93 499.87 64.25 64.14 64.37 3 j# 3jW 3 j#
999.13 998.50 999.75 63.01 62.91 63.10 7.93 7.92 7.94
1499.20 1498.47 1499.93 61.65 61.58 61.71 12.16 12.14 12.17
1999.85 1998.76 2000.94 60.27 60.19 60.36 16.59 16.57 16.61
2498.77 2497.50 2500.05 58.76 5&68 58.84 21.26 21.23 21.29
2999.60 2998.03 3001.17 57.04 5&89 57.18 26.30 26.23 26.37
3499.68 3497.51 3501.84 53.60 53.04 54.16 32.65 3232 33.05
3597.43 3591.60 3603.25 50.72 50.11 5L32 35.47 35.08 35.95
3671.25 3657.45 3685.05 48.76 48.18 49.34 37.65 37.21 38.20
3608.02 3589.81 3626.24 49.30 48.77 49.83 36.59 36.15 37.13
3576.93 3558.83 3595.02 49.59 49.18 49.99 36.07 35.71 36.48
3550.50 3536.65 3564.35 ■ 49.54 49.25 49.83 35^3 35.59 36.10
3522.55 3511.05 3534.05 48.85 48.55 49.15 36.05 35.85 36.27
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25% trucks
Discharge (vph) Speed (mph) Density (vpmpl)
Mean 95% C.I. Mean 95% C.L Mean 95% C.I.
499.85 499.31 500.39 64.42 64.32 64.53 188 187 189
999.47 998.79 1000.16 63.00 6292 63.09 7.93 7.92 7.94
1498.63 1497.74 1499.51 61.56 61.48 61.64 12.17 12.15 • 12.19
1999.28 1998.20 2000.35 60.09 60.01 60.17 16.63 16.61 16.66
2499.52 2498.20 2500.85 5835 58.26 58.43 21.42 21.39 21.45
3000.85 2999.50 3002.20 56.22 56.04 56.41 26.69 26.60 26.78
3492.15 3482.85 3501.45 49.13 48.39 49.88 35.54 35.06 36.18
3506.48 3482.94 3530.01 48.84 48.26 49.42 35.90 35.43 36.47
3438.25 3420.55 3455.95 48.57 48.16 4&99 35J9 35.07 35.76
3414.95 3399.53 3430.37 48.50 48.19 48.80 35.21 34.99 35.45
3394.43 3379.27 3409.58 47.53 47.10 47.96 35.71 35.49 35.96
3397.30 3383.97 3410.63 47.00 46.57 47.43 36.14 3189 3143
3347.38 3328.39 3366.36 44.75 44.17 45.33 37.40 37.13 37.75
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